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PREFACE) 1998 ill 


Beginning with the edition for 1981, the title The Astronomical Almanac replaced both 
the title The American Ephemeris and Nautical Almanac and the title The Astronomical 
Ephemeris. The changes in title symbolise the unification of the two series, which 
until 1980 were published separately in the United States of America since 1855 and 
in the United Kingdom since 1767. The Astronomical Almanac is prepared jointly by 
the Nautical Almanac Office, United States Naval Observatory, and H.M. Nautical 
Almanac Office, Royal Greenwich Observatory, and is published jointly by the United 
States Government Printing Office and Her Majesty’s Stationery Office; it is printed 
only in the United States of America but some of the reproducible material that is 
used is prepared in the United Kingdom. 


The principal ephemerides in this Almanac have been computed from fundamental 
ephemerides of the planets and the Moon prepared at the Jet Propulsion Laboratory, 
California, in cooperation with the U.S. Naval Observatory. They are in general accord 
with the recommendations of the International Astronomical Union and are consistent 
with the [AU (1976) system of astronomical constants apart from minor modifications 
introduced to permit a better fit to observations; in particular, dynamical time-scales 
and the standard reference system of J2000-0 are used where appropriate. A brief 
description of the use of each ephemeris is given with it, and the bases and additional 
notes are given in the Explanation at the end of the volume. Additional information 
about the IAU recommendations and the ephemerides is given in the Supplement 
to the Astronomical Almanac for 1984. More detailed information is available in the 
Explanatory Supplement to The Astronomical Almanac edited by P. Kenneth Seidelmann, 
U.S. Naval Observatory, published in 1992. 


By international agreement the tasks of computation and publication of astronomical 
ephemerides are shared between the ephemeris offices of a number of countries. The 
sources of the basic data for this Almanac are indicated in the list of contributors 
on page vii. This volume was designed in consultation with other astronomers of 
many countries, and is intended to provide current, accurate astronomical data for use 
in the making and reduction of observations and for general purposes. (The other 
publications listed on pages viliix give astronomical data for particular applications, 
such as navigation and surveying.) Any changes introduced since the previous volume 
are listed on page iv. Suggestions for further improvement of this Almanac would be 
welcomed; they should be sent to the Director, Nautical Almanac Office, United States 
Naval Observatory or to the Superintendent, H.M. Nautical Almanac Office, Royal 
Greenwich Observatory. 


KENT W. FOSTER JASPER WALL, 
Captain, U.S. Navy, Director, 
Superintendent, U.S. Naval Observatory, Royal Greenwich Observatory, 
3450 Massachusetts Avenue NW, Madingley Road, 
Washington, D.C. 20392-5420 Cambridge, CB3 0EZ, 
U.S.A. England 


July 1996 


IV CORRECTIONS TO RECENT VOLUMES 


Astronomical Almanac 1992, 1993, 1994, 1995 and 1996 


Page F10, top of the page: for SATELLITES I-V_ read SATELLITES I-IV 


Astronomical Almanac 1994, 1995, 1996 and 1997 


o 


Page H19, entry for V magnitude of « Boo: for 0.4 read —0.4 


Astronomical Almanac 1994 


Page E87, the Right Ascension and Declination for the North Pole of Saturn III: 


for 40°20 read 40°31 
JOh na Soe 02a tead +4 83354 


Page E87, the Inclination of Equator to orbit for Saturn III: 
JOR «25:07, read, 26:72 


Astronomical Almanac 1995, 1996 and 1997 


The Table of Contents on pages Al, Cl and D1, for the eclipse page reference: 
for A79_ read A78 


Astronomical Almanac 1995 
Page C16, column headed JD: for 244 read 244/5 
Page C18, column headed JD: for 244 read 245 


Page E87, the Right Ascension and Declination for the North Pole of Saturn III: 


for 40°29 read 40°36 
FOF nO cnet eA e te See 


Page E87, the Inclination of Equator to orbit for Saturn III: 
fon 23°33, 5.tedd 20:32 


Astronomical Almanac 1996 and 1997 


Page H31, for HR 9045, 6th line from the bottom of the table, in column 1: 
JO¥ oll, px\Gas. oredihgndop.Gas 


Page E3, lower table, second line of title: for EQUATORY read EQUATOR 


Astronomical Almanac 1996 
Even pages C4-C18 inclusive, column headed Julian date: for 244 read 245 
Pages E4 and ES, column headed Julian Date: Ignore leading 1 in each entry. 


Page E87, the Right Ascension and Declination for the North Pole of Saturn III: 


for 40°36 read 40°40 
Yor) *85S°1206 read" 83252 


Page E87, the Inclination of Equator to orbit for Saturn III: 
for “25°61 “read* “26373 


Page J1, beginning of the last paragraph: for J15 read J16 
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PRELIMINARIES 

PAGE PAGE 
Preface SE Bia kA ii Staff Lists Sena tate ea ee vi 
Corrections to recent volumes ... ... ay Miven listo contributors. Vii 
COMEDIES oii a8 Bons ionn) oe MOEA v. Relatedopublications 4... ... 6... 2.2 Vill 


Section A PHENOMENA 
Seasons: Moon’s phases; principal occultations; planetary phenomena; elongations and mag- 
nitudes of planets; visibility of planets; diary of phenomena; times of sunrise, sunset, twilight, 
moonrise and moonset; eclipses. 


Section B TIME-SCALES AND COORDINATE SYSTEMS 

Calendar; chronological cycles and eras; religious calendars; relationships between time scales; 
universal and sidereal times; reduction of celestial coordinates; proper motion, annual parallax, 
aberration, light-deflection, precession and nutation; Besselian day numbers; second-order day 
numbers; rigorous formulae for apparent place reduction; position and velocity of the Earth; 
mean place conversion from B1950-0 to J2000-0 and from J2000-0 to B1950-0; matrix elements 
for precession and nutation; polar motion; diurnal parallax and aberration; altitude, azimuth; 
refraction; pole star formulae and table. 


Section C SUN 

Mean orbital elements, elements of rotation; ecliptic and equatorial coordinates; heliographic 
coordinates, horizontal parallax, semi-diameter and time of transit; geocentric rectangular 
coordinates; low-precision formulae for coordinates of the Sun and the equation of time. 


Section D MOON 

Phases; perigee and apogee; mean elements of orbit and rotation; lengths of mean months; 
geocentric, topocentric and selenographic coordinates; formulae for libration; ecliptic and 
equatorial coordinates, distance, horizontal parallax, semi-diameter and time of transit; physical 
ephemeris; daily polynomial coefficients; low-precision formulae for geocentric and topocentric 
coordinates. 


Section E MAJOR PLANETS 

Osculating orbital elements for Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune 
and Pluto; heliocentric ecliptic coordinates; geocentric equatorial coordinates; times of transit; 
rotation elements; physical ephemerides. 


Section F SATELLITES OF THE PLANETS 
Ephemerides and phenomena of the satellites of Mars, Jupiter, Saturn (including the rings), 
Uranus, Neptune and Pluto. 


Section G MINOR PLANETS AND COMETS 

Osculating elements for periodic comets; geocentric equatorial coordinates and time of transit 
for Ceres, Pallas, Juno and Vesta; orbital elements, magnitudes and dates of opposition of the 
larger minor planets. 


Section H STARS AND STELLAR SYSTEMS 

Lists of bright stars, UBVRI standard stars, uvby and Hf standard stars, radial velocity standard 
stars, bright galaxies, open clusters, globular clusters, astrometric radio source positions, radio 
telescope flux calibrators, X-ray sources, variable stars, quasars and pulsars. 


Section J OBSERVATORIES 


Index of observatory name and place; lists of optical and radio observatories. 


Section K TABLES AND DATA 
Julian dates of Gregorian calendar dates; [AU system of astronomical constants; reduction of 
time scales; reduction of terrestrial coordinates; interpolation methods. 


Section LL EXPLANATION Section M GLOSSARY Section N INDEX 


The pagination within each section is given in full on the first page of each section. 


vi STAFF LISTS, 1998 
US. NAVAL OBSERVATORY 


Captain Kent W. Foster, U.S.N., Superintendent 
Kenneth J. Johnston, Scientific Director 
P. Kenneth Seidelmann, Director of Astrometry 


ASTRONOMICAL APPLICATIONS DEPARTMENT 


Paul M. Janiczek, Head 
George H. Kaplan, Chief; Dynamical Astronomy Division 
Alan D. Fiala, Chief, Nautical Almanac Office 
John A. Bangert, Chief, Product Development Division 


Marie R. Lukac James L. Hilton 
William T. Harris Robert J. Miller 
Wendy K. Hultquist Marc A. Murison 
Yvette Holley William J. Tangren 


QMC (SW) Patrick McCarthy, U.S.N. 


ROYAL GREENWICH OBSERVATORY 


Jasper Wall, M.A.Sc., Ph.D., Director 


HER MAJESTY’S NAUTICAL ALMANAC OFFICE 
B. D. Yallop, B.Sc., Ph.D., Superintendent 


Miss C. Y. Hohenkerk, B.Sc. D..B.,Laylor, B.Sc, Ph.D. 
S: A. Bell, BSc., Ph.D. 


In addition, the following persons have assisted in the preparation and proofreading 
of the publications of the Office: 


Mrs. P. V. Long and Mrs. R. A. Yallop 


January 1997 


CONTRIBUTORS, 1998 vil 


The data in this volume have been prepared as follows:- 


By H.M. Nautical Almanac Office, Royal Greenwich Observatory: 


Section A—phenomena, rising and setting of Sun and Moon; B—ephemerides and 
tables relating to time-scales and coordinate reference frames; D—physical 
ephemerides, geocentric coordinates and daily polynomial coefficients of the Moon; 
G—geocentric positions of minor planets; K—tables and data. 


By the Nautical Almanac Office, United States Naval Observatory: 


Section A—eclipses of Sun and Moon; C—physical ephemerides, geocentric and 
rectangular coordinates of the Sun; E—physical ephemerides, geocentric coordinates 
and transit times of the major planets; F—ephemerides of satellites, except Jupiter 
I-IV; H—data for lists of bright stars, lists of photometric standard stars, bright 
galaxies, radio source positions, radio flux calibrators, X-ray sources, radial velocity 
standard stars, variable stars, quasars and pulsars; J—information on observatories; 
L—explanation; M—glossary; N—index. 


By the Service des Calculs, Bureau des Longitudes, Paris: 


Section F—ephemerides of satellites I-IV of Jupiter. 


By the Institute of Theoretical Astronomy, St. Petersburg: 


Section G—orbital elements of minor planets. 


In general the Office responsible for the preparation of the data has drafted the 
related explanatory notes and auxiliary material, but both have contributed to the final 
form of the material. The preliminaries, part of Section A and Sections B, D, G and K 
have been composed in the United Kingdom, while the rest of the material has been 
composed in the United States. The work of proofreading has been shared, but no 
attempt has been made to eliminate the differences in spelling and style between the 
contributions of the two Offices. 


Vill RELATED PUBLICATIONS 


Joint publications of the Royal Greenwich Observatory and the United States Naval 
Observatory 


Except for the Explanatory Supplement, these publications are available from The 
Stationery Office (UK) and from the Superintendent of Documents, U.S. Government 
Printing Office. Their addresses are listed on the reverse of the title page of this volume. 


The Nautical Almanac contains ephemerides at an interval of one hour and auxiliary 
astronomical data for marine navigation. 


The Air Almanac contains ephemerides at an interval of ten minutes and auxiliary 
astronomical data for air navigation. 


Astronomical Phenomena contains extracts from the The Astronomical Almanac and 
is published annually in advance of the main volume. Included are dates and times of 
planetary and lunar phenomena and other astronomical data of general interest. 


Planetary and Lunar Coordinates, 1984-2000 provides low-precision astronomical 
data for use in advance of the annual ephemerides and for other purposes. It contains 
heliocentric, geocentric, spherical and rectangular coordinates of the Sun, Moon and 
planets, eclipse data, and auxiliary data, such as orbital elements and precessional 
constants. 


Explanatory Supplement to The Astronomical Ephemeris and The American Ephemeris 
and Nautical Almanac was published by Her Majesty’s Stationery Office but is now 
out of print. A new Explanatory Supplement to The Astronomical Almanac has been 
prepared, see below. 


Other publications of the Royal Greenwich Observatory 


These publications are available from The Stationery Office and from UNIPUB, 4611/F 
Assembly Drive, Lanham, MD 20706-4391, U.S.A. 


The Star Almanac for Land Surveyors contains the Greenwich hour angle of Aries 
and the position of the Sun, tabulated for every six hours, and represented by monthly 
polynomial coefficients. Positions of all stars brighter than magnitude 4-0 are tabulated 
monthly to a precision of 0*1 in right ascension and 1” in declination. The user may 
order the data for the relevant year in electronic form. The data are represented 
compactly in ASCII files, on an IBM-compatible 3-5 inch/1-44 Mb floppy disk. 


Compact Data for Navigation and Astronomy for 1996-2000 contains data, which are 
mainly in the form of polynomial coefficients, for use by navigators and astronomers 
to calculate the positions of the Sun, Moon, navigational planets and bright stars using 
a small programmable calculator or personal computer. A 3-Sinch disk for IBM PC 
and compatibles 1s included. It contains the astronomical tabular data in ASCII files 
and NAVPAC (version 1-1), an interactive software package based on the methods in 
the book. 


A Guide to the 1999 Total Eclipse of the Sun contains information on the total 
eclipse of the Sun on 1999 August 11" as seen from the United Kingdom and the 
Irish Republic. Local circumstances for many towns and cities across both countries 
are given as well as information on eclipses in general, likely weather conditions and 
details of observing and photographing the eclipse safely. An aluminized mylar viewer 
is included with the booklet for observing the partial phases of the eclipse. 


RELATED PUBLICATIONS ix 


Other publications of the United States Naval Observatory 


Astronomical Papers of the American Ephemeris' are issued irregularly and contain 
reports of research in celestial mechanics with particular relevance to ephemerides. 


U.S. Naval Observatory C irculars' are issued irregularly to disseminate astronomical 
data concerning ephemerides or astronomical phenomena. 


Explanatory Supplement to The Astronomical Almanac edited by P. Kenneth Seidel- 
mann of the U.S. Naval Observatory. This book is an authoritative source on the basis 
and derivation of information contained in The Astronomical Almanac, and it contains 
material that is relevant to positional and dynamical astronomy and to chronology. 
It includes details of the FK5 J2000-0 reference system and transformations. The 
publication is a collaborative work with authors from the U.S. Naval Observatory, 
H.M. Nautical Almanac Office, the Jet Propulsion Laboratory and the Bureau des 
Longitudes. It is published by, and available from, University Science Books, 55D Gate 
Five Road, Sausalito, CA 94965. The UK distributor is WH Freeman, 20 Beaumont 
Street, Oxford, OX1 2NQ. 


MICA 1990-1999 is an interactive astronomical almanac for professional applica- 
tions. There are versions, with User’s Guides, for both Apple Macintosh, and IBM 
PC and compatibles. MICA allows a user to compute, to full precision, much of the 
tabular data contained in The Astronomical Almanac, as well as data for specific times. 
All calculations are made in real time and data are not interpolated from tables. It 
replaces The Floppy Almanac. MICA is distributed by the National Technical Informa- 
tion Service (NTIS) of the U.S. Department of Commerce, Springfield, VA 22161. The 
UK distributor for NTIS is microinfo Ltd., PO Box 3, Omega Park, Alton, Hampshire 
GU34 2PG. 


+ These publications are available from the Nautical Almanac Office, U.S. Naval 
Observatory, Washington, DC 20392-5420. 


Publications of other countries 


Apparent Places of Fundamental Stars is prepared annually by the Astronomisches 
Rechen-Institut in Heidelberg and contains mean and apparent coordinates of 1535 
stars of the Fifth Fundamental Catalogue (FK5). This volume is available from Verlag 
G. Braun, Karl-Friedrich-Strasse, 14-18, Karlsruhe, Germany. 


Ephemerides of Minor Planets is prepared annually by the Institute of Theoretical 
Astronomy, and published by the Russian Academy of Sciences. Included in this 
volume are elements, opposition dates and opposition ephemerides of all numbered 
minor planets. This volume is available from the Institute of Theoretical Astronomy, 
Naberezhnaya Kutuzova 10, 191187 St. Petersburg, Russia. 


Useful World Wide Web addresses on the Internet 


Please refer to the relevant World Wide Web address for further details about the 
publications and services provided by the following organisations. 


e H.M. Nautical Almanac Office at http://www.ast.cam.ac.uk/~nao/ 

e U.S. Naval Observatory at http://aa.usno.navy.mil/AA/ 

e The Stationery Office (UK) at http://www.the-stationery-office.co.uk/ 
e U.S. Government Printing Office at http://www.access.gpo.gov/ 

e NTIS at http://www.fedworld.gov/ntis/ntishome.html 
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PHENOMENA, 1998 Al 


CONTENTS OF SECTION A 


PAGE 
Principal phenomena of Stn, Moon and planets’... ... ... ....... ... cise. Al 
Elongations and magnitudes of planets at 08 UT) 2).........0..04.4.. 0.8 ‘Ad 
VASHOMty Or pIahels 4 saat tak LBM WYP CE 8) | TOD AUBL SS MEPAS Pee. JONG 
Diary of phenomena RE Ere gee cee ioe ke Oe ee en oR 
Risings, settings and twilights. tt I Lt RE Mae (is eee MA 
Examples of rising and setting phenomena ee Tae re eres et Fes Se ee AE 
Sunrise and sunset ... ... Ve Abas te ISS aks eS geet TM oe ee eS 
Beginning and end of civil twilight Beare eet tte ig) pie ney oom ne eae meee 
Besmniny and end ‘ornauccal twhight erst} Rh tt DB OPIMIE REAL JA 30) 
Beginning and end of astronomical twilight iI Yo anak... ghet Ass 
NIG ONES GNC MOOONSEL 4 aaaa gece Hoke «vs a5 * osgieds e BEEF cckaees Bas saueny EEA O 
Eclipses ‘ot Sun nd MOON, se iicanss eee nis s+ sopas 5 Kaictt nab Cele 
NOTE: All the times in this section are Been in Sone time © (UT). 
THE SUN 
d oh d hm d hm 
Perigee araan? -4 21 Equinoxes. , , »: .,Mari820st9°S5* 20... Sept'23'05-37 
Apogee... July 400 Solstices eee 2 ern OF eee ee LCC 2 Uno 
PHASES OF THE MOON 
Lunation New Moon First Quarter Full Moon Last Quarter 


d 
928 Jan. 5 14 18 “Jan’°-4217 24- Jan. 20 19 40 
929 Fanrio28 0680154 Feb: 93-22 53 PF ebs tT L023 Feber ros: 27 
930 Feb. 26 17 26 Mar. 508 41 Mar. 13 04 34 Mar. 21 07 38 
931 Wares 03444 Apr 3" 20°18" “Apr 11" 22*23- Apr... .19 19 53 
932 Apr. 26 11 41 May 31004 May 11 14 29 May 19 04 35 
938 May 25 19 32. June 20145 June 100418 June 17 10 38 
934 Sides 26 Os-50~ albuly = 1 18°43 July 9 1G. Julye 16: 1503 
935 July 23 13 44 July 311205 Aug. 80210 Aug. 14 19 48 
936 Aug. 22 02 03. Aug. 3005 06 Sept. 611 21 Sept. 13 01 58 
937 Nepiazy lo OL. sept. 2o 2101) gvlotan goeUadaa Oct 12) 11) 1h 
938 Oct. 20 10 09 Oct. 28 11 46 Nov. 405 18 Nov. 11 00 28 
939 Novet9 04.27 Nov. 27 00.23 Deejntdelbnl9.d. Dec. 10,17 53 


940 Dec...18 22.42.,,Dec, 26,10 46 


ECILIPSES 


Total eclipse of the Sun Feb. 26 Pacific Ocean, extreme south-west and 
eastern parts of the United States of 
America, south-east Canada, Mexico, 
Central America, the northern half of 
South America, the West Indies, the 
Atlantic Ocean, the southern tip of 
Greenland, the extreme western part of 
Iceland, Portugal, and West Africa. 

Penumbral eclipse of the Moon Mar. 13 

Penumbral eclipse of the Moon Aug. 8 

Annular eclipse of the Sun Aug. 21-22 North Indian Ocean, India, south-east Asia, 
southern China, Indonesia, Malaysia, 
Philippine Republic, southern Japan, 
Australasia, and the South Pacific Ocean. 


Penumbral eclipse of the Moon Sept. 6 


Az LUNAR PHENOMENA, 1998 


MOON AT PERIGEE MOON AT APOGEE 


d oh d oh doh 
Jan. 18 21. June 3.00..Oct.,. 21:05 


doh doh h 
Jan. 309 May 2400 Oct. 13 
01 Feb. 15 15. July 2 .bJ4-Nov.,t7, 06 
12 
18 


d 
6 
Jan. 30 14 June 2017 Nov. 4 
Feb: 27 20. July 16.14 Dec. 2 
Mar. 28 07 Aug. 11 12 Dec. 30 


Mar. 15 01 ..July,,30,12 .Dec.14 Sy, 
Apr. 11 02 Aug. 27 06 


Apr. 25 18 Sept. 8 06 May 8 09 Sept. 23 22 
OCCULTATIONS OF PLANETS AND BRIGHT STARS BY THE MOON 
= Body Areas of Visibility = , Body Areas of Visibility 
h 
Jan. 512Saturn  S. Africa, S.E. Asia July 19 21 Aldebaran E. Asia, Japan, 
Jan. 9 13 Aldebaran India, central Asia, western U.S.A. 
Japan July 25 21 Regulus Southern S. America, 
Feb. 121 Saturn  S. and E. S. America Antarctic Peninsula 
Feb. 5 18 Aldebaran N. Africa, S. Europe, Aug.11 00 Jupiter Eastern Antarctic 
Saudi Arabia, India Aug. 15 19 Ceres N.E. Asia, Arctic, 
Feb. 27 22 Mars South New Zealand, N. Canada 
S. Pacific Ocean, Aug. 16 03 Aldebaran Central and N.E. Africa, 
S.W. S. America central Asia, Japan 
Mar. 109 Saturn Eastern Antarctica, Sept. 704 Jupiter Southern S. America, 
S. Australia S.W. Africa 
Mar. 2 17 Vesta N. part of S. America, Sept.12 08 Aldebaran Central America, 
N. Africa S. Europe, N.W. Africa 
Mar. 5 00 Aldebaran Hawaiian Is., U.S.A., Sept-12 11 Cengs N.W. N. America, 
Central America Arctic, N. Europe 
Mar. 13 20 Juno S. Africa, E. Antarctica Sept.18 11 Regulus Central and eastern S. 
Mar.24 19 Venus N.E. Australasia, America, tip of S. Africa 
Central America Oct. 407 Pallas Hawaiian Is., 
Mar.26 12 Jupiter East N. America, N.W. N. America 
Europe, N.W. N. Africa Oct. 409 Jupiter Australia, New Zealand, 
Mar.30 20 Vesta S. tip S. America, Pacific Ocean 
Antarctic Peninsula Oct. 9 16 Aldebaran China, Japan, western 
Apr. 108 Aldebaran India, S.E. Asia, Japan N. America 
Apr. 23 07 Jupiter Central Africa, Saudi Oct. 9 22 Ceres Europe, Arctic, 
Arabia, most of India N. Russia 
Apr. 23 08 Venus S. and E. Africa, except Oct. 15 17 Regulus Pacific Ocean, 
extreme tip, India south tip S. America 
Apr. 24 19 Mercury Western Antarctica, Oct. 16 04 Mars Eastern Antarctica 
S.W. S. America Oct. 31 16 Jupiter —_S. Africa, S.E. Asia 
Apr. 28 18 Aldebaran S. and E. N. America, Nov. 6 02 Aldebaran Eastern N. America, 
Europe, except north, Europe, E. Russia 
N.W. Africa Nov. 6 04 Ceres Central America, 
May 20 23 Jupiter Australia, New Guinea S. Europe, N. Africa 
June 104 Regulus Tasmania, New Zealand Nov. 11 22 Regulus S. India, S.E. Asia, 
June 17 11 Jupiter _ S. half S. America, Australasia 
western Antarctica Nov. 13 18 Mars E. Asia, W. and central 
June 22 14 Aldebaran U.S.A., E. Canada, N. America 
Europe, N. Africa Nov. 28 01 Jupiter S. and E. 8. America 
June 28 12 Regulus _ S. Africa, part of Dec. 3 06 Ceres S. tip of S. America 
Antarctica Dec. 3 13 Aldebaran Asia, N.W. N. America 
July 14.19 Jupiter © New Zealand, Dec. 9 06 Regulus Central America, N. S. 
eastern Antarctica America, central Africa 
July 18 23 Ceres Arctic, extreme north Dec. 25 11 Jupiter Eastern Antarctica 
Europe, N. Russia Dec. 30 23 Aldebaran Eastern N. America, 


Europe, W. Russia 
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GEOCENTRIC PHENOMENA 
MERCURY 
dh doh doh doh 
Greatest elongation West Jan. 6 15(23°) May 4 17(27°) Aug. 31 09 (18°) Dec. 20 04 (22°) 


Superior conjunction ... Feb. 22 08 June 10 07 Sept. 25 20 mae 
Greatest elongation East Mar. 20 04 (19°) July 17 03 (27°) Nov. 11 09 (23°) —-- 


Stationary 9 nteeke. a oe Mar. 27 15 July 30 05 Nov. 21 14 — 
Inferior conjunction ... Apr. 617 Aug. 14 00 Dee. ~ 115 == 
SlalOMmary, «cama ace Apr. 19 02 Aug. 23 05 Dec. 11 06 == 
VENUS 

dh doh 
Inferior conjunction ... Jan. 1611 Greatest elongation West Mar. 27 19 (47°) 
Stationary ..... 2.4 Feb. 6:18 Superior conjunction ... Oct. 30 04 
Greatest brilliancy ... Feb. 2002 


SUPERIOR PLANETS 


Conjunction Stationary Opposition Stationary 


doh d oh di. h doh 
Pians Ss Sa tet! May 12320 — — — 
wupiteree. 25 40544. ee Pep. 2309 Sulyerisls Sept. 4603-43 Nov. 1401 
Saturn Pap memes. Seat pts 13912 FAuerr 16516 = "Oe 281995 Dec. B06 
Uranus 6 sete See Tan, 25°20 FtMay F170. sAug.--5 O72 Set. N9I01 
NEEDING Ae aoe ee Je. IY 23 eS Mayr 4 Stuly 23:20). Oct Ae 
PIO Sec eet tee NOV OOL08 Me Mar 12-16 Mas 25°05 = Aug. a 3el9 


OCCULTATIONS BY PLANETS AND SATELLITES 


Details of predictions of occultations of stars by planets, minor planets and satellites 
are given in The Handbook of the British Astronomical Association. 


HELIOCENTRIC PHENOMENA 


Aphelion Perihelion Descending Greatest Ascending Greatest 
Node Lat. South Node Lat. North 
Mercury Jan. 29 Mar. 14 Jan. 18 Feb. 18 Mar. 9 Mar. 24 
Apr. 26 sine. 2 Apr. 16 May 17 June 5 June 20 
July 23 sept. 35 July 13 Aug. 13 Sept. 1 Sept. 16 
Oct. hg IQEC, 7 2 Octo 29 Nov. 9 Nov. 28 Dee 3 
Venus — Jan. 25 Apr. 13 June 9 Aug. 4 Feb.9516 
May 18 Sept. 7 Nov. 24 ae —— Sept. 29 
Mars Decs: 16gsin gan vir — ae May 8 Nov. 9 


Saturn: Greatest Lat. South, Apr. 19 
Jupiter, Uranus, Neptune, Pluto: None in 1998 


A4 PHENOMENA, 1998 
ELONGATIONS AND MAGNITUDES OF PLANETS AT 0° UT 
Mercury Venus Mercury Venus 
Date Date 
Elong. Mag.  Elong. Mag Elong. Mag.  Elong. Mag. 
Jan. —3 W. 19 403 E. 28 -46 July 1 E*21 —03 W. 31 —3-9 
2 22 —0-1 22 45 24 0-0 SO nH 
ib 23% 40-2 1S, 6 74:3 11 26 E022 Zo emi 
12 22m 1 0'Se7 E. Dh rede 16 27 —-(0-4 Doin ve 
17 DANO Sie We On ad Zh 20 Oar ZOU ies 
22. aW. 19 2403 euWiull =4-2 26 E., 24 +1;0.. ,W. 25, -3°9 
2 LT 18 4-4 31 eee 2a 13:9 
Feb. 1 15. 104 24 45 Aug. 5 £5* 265 2 
6 12) 106 29 46 10 Esl 9 38 2iore3:9 
11 9 0-8 34. 4-6 15 (Witte 5: “547 2013-9 
146 W. 5 -11 #£42W.<. 37 —46 20. i Wesl0 ©6295 AWied9 —3-9 
21 W.. Qandil 40 46 25 16 71 t-3 1 ia 
26.00E: 4omtl6 42 46 30 18 +0:1 16 32 
Mar. 3 8 14 44 46 Sept. 4 17 —0-6 1 APs 
8 25a q33 45 45 9 15. ogrich is, 39 
13 E. 16 -10 W. 46 —4:5 Day W. 11 =1-3,5 W. 12 eh 
18 18 —0-5 46 45 19 ee Be Ldy5) cA? 
23 18 +0-4 46 44 tA Wok eG 10 gag339 
28 ae FY, 47 44 29)-EU 3 abd Sagas? 
Apr. y(2 Ex 69 wisp 46 43 Oct. 4 6. «ol tee) 
7 W. 3 +54 W. 46 —4:3 9 E. 10 -—0-7 W. 6 —3-9 
12 eee ica 46 43 14 1 ents 4 39 
| Ty hia 2%) 45 4:2 19 1S 0-4 eS 
22 22 x d'3 45 42 24 18nciOs Die(B9 
27 ZS eee 44 42 29 20A O83 SiS We dite Se 
May 2 W. 27 +06 W. 43 —4-1 Nov. 2 “BOQ =—02, “aie. =e 3-9 
7 27 =—0-4 43, 4-1 8 25, AD aes 
12 20 OF 42 41 13 23 —0-2 4 34 
17 23 —0-1 41 40 18 21.— 00 >». 39 
22 20 0-4 40 40 23 17 +0°8 G. 39 
27 +W. 16 —08 W. 39 —40 28.) Heys 8 42:00 Bgwoghg 5-39 
June 1 Li 1:2 38 = 4-0 De. 3 W. 4 44 Sin .3°9 
Gi Wie, Syo0il-S 37 4-0 8 la \nhad 10jca, 3-9 
Lt SE pele 36 40 13 19 +0:1 My 3-9 
16 le 1s6 33 oo) 18 21 —0-3 12, - 3:9 
21 EB. 13 —L0. WW. 34 3-9 23 W. 21 —0-4 13 —3-9 
26 Lei a2. 39 28 20 0-4 14 3-9 
July 1 E. 21 —-03 W. 31 —3-9 33) W.18 —04 OB. 16 =3:9 
MINOR PLANETS 
Conjunction Stationary Opposition Stationary 
Geresr Maw Apr. 8 Oct.10 Nov. 28 — 
Pallas: -<.aneets Feb. 14 July 26 Sept. 16 Nov. 6 
JUNG: coins Octo 2B, | Tatiid Mar. 19 May 8 
Vesta. A2.Giare June».9 Deck22 — — 
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ELONGATIONS AND MAGNITUDES OF PLANETS AT 05 UT 


. Mars Jupiter Saturn Uranus Neptune Pluto 
ate 

Elong. Mag. Elong. Mag. Elong. Mag. Elong. Elong.  Elong. 

Jane tS aidtel sto thi2igiBs: 45: 2B. 1 9Fuct-0:7.4: Eso 31 ttn, 230 Wee 32 

17 2900152 SH go 87 — O-7 Zi 3 41 

17 gat 422 29° S20) 18 O37 Rl oe bees 50 

27 240, 82 219220 OSZoi OFM Bui 92} jowbe F 60 

Feb. 6 221) wils2 13). 2:0 591 + nO47ote Won 8 17 70 

165-220 Be 16 2 OR Be 50 ek07) We 2 Wiel Wa G9 

26 U8 2891-21 s9W, 9112. ¥in2:0 41. 0:7 D7 36 89 

Mar. 8 USrncl2 LO 902-0 3218 -OBk 36 46 99 

18 13 errs? Live 20 23407097 46 56 109 

28 1 ee Bs 2514 210 14 06 55 65 118 

Apr. 7 E. 8 +133 W. 32 —2:1 E.- 6 +06 W. 65 W. 75 W.128 

17 Gams 23 40. ee Wee 4 OFS 74 85 138 

ad 4 1:3 48 2-1 12 « 05 84 94 147 

Mavevs Khackatelan, 3 bl oe WADED PO ers 94 104 156 

j be RR aes Rs G3 u wudiz 29 =0:6 103 114 163 

27 W. 4 41:4 W. 72 —2:33 W. 37 +06 W.113 W123 W. 168 

June 6 6 1-4 SOEs 23 45 0:5 123 133 YiNRIOTG6S 

16 9. 215 88 24 54 0:5 132 143 158 

26 TAA 155 97 ©) 2:5 es macOd 142 153 149 

July 6 14. 1-6 106 2:5 72 +4'0-5 152 162 140 

16 W. 17 +16 W.115 —26 W. 80 +05 W162. W.172 E. 131 

26 20, 6 12 oe 2 90S 0:4 We tie Ee Ts TZ 

Aug. 5 230 NI i. 1S ep’ 99 0-4 E. 178 168 | i 

15 Ue Oi) 145 28 10872°O'S 168 158 103 

25 BO" sn aly, 156; 2:9 1h be sd ODE 158 148 94 

Sept. 4 °° W. 32 +1:7° W. 167 —2-9 ~W.128'+0-2 ~E. 148° "E. 138 ‘E. 84 

14 SOT ee We eo 136° o" OF? 138 129 75 

24 39. 1:7. En 17229 148 0-1 128 119 66 

Oct 4 ASL 4/ 160 2:9 159 +0-1 118 109 56 

14 ATi. t-7 149 2:8 . 169 0:0 108 99 47 

TAS We 50 1°62 B38) —2°3 E177 00 ET 98 EE 89 CE 38 

Nov. 3 54 1°6 123) 27 169 0-0 89 79 29 

13 i ee I 113). 2°6 158 +0-1 719 69 20 

23 63 1:4 108 2-6 147. -0-1 69 i Jeaeaed ahh al I 

Dec. 3 68 1-4 98 2:5 137—) 02 59 50~ W.. 12 

13. W.-72 4+1:3 #£, 89 —2:4 E. 126-+0:3 -E. 49 E. 40 W.. 17 

23 i AL 80 2-4 M6 0-8 40 30 ps) 

33 W. 82.410 -E. 71 —2:3 E. 106 +0-4-E. 30 E. 20 W. 34 


Magnitudes at opposition: Uranus 5-7 Neptune 7-8 Pluto 13-7 
VISUAL MAGNITUDES OF MINOR PLANETS 


Jan.7 Feb.16 Mar.28 May7 June16 July26 Sept.4 Oct.14 Nov.23 Dec. 33 
Ceres-<9-2 9-2 8-9 9-0 9-2 9-1 8-7 8-1 fa TT 
Pallas 10-5 10-3 10-4 10-4 10-1 9-5 8-6 8-9 9-5 9-8 
Juno 10-1 9-6 9-3 10-2 10-9 Li) 11-4 Li |B I: FP 
Vesta 7:8 8:2 8-4 8:3 8-1 8-4 8-4 8-1 Ta 6:9 
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VISIBILITY OF PLANETS 


The planet diagram on page A7 shows, in graphical form for any date during the 
year, the local mean times of meridian passage of the Sun, of the five planets, Mercury, 
Venus, Mars, Jupiter and Saturn, and of every 2" of right ascension. Intermediate 
lines, corresponding to particular stars, may be drawn in by the user if desired. The 
diagram is intended to provide a general picture of the availability of planets and stars 
for observation during the year. 


On each side of the line marking the time of meridian passage of the Sun, a band 
45™ wide is shaded to indicate that planets and most stars crossing the meridian within 
45™ of the Sun are generally too close to the Sun for observation. 


For any date the diagram provides immediately the local mean time of meridian 
passage of the Sun, planets and stars, and thus the following information: 

a) whether a planet or star is too close to the Sun for observation; 

b) visibility of a planet or star in the morning or evening; 

c) location of a planet or star during twilight; 

d) proximity of planets to stars or other planets. 


When the meridian passage of a body occurs at midnight, it is close to opposition 
to the Sun and is visible all night, and may be observed in both morning and evening 
twilights. As the time of meridian passage decreases, the body ceases to be observable 
in the morning, but its altitude above the eastern horizon during evening twilight 
gradually increases until it is on the meridian at evening twilight. From then onwards 
the body is observable above the western horizon, its altitude at evening twilight 
gradually decreasing, until it becomes too close to the Sun for observation. When it 
again becomes visible, it is seen in the morning twilight, low in the east. Its altitude 
at morning twilight gradually increases until meridian passage occurs at the time of 
morning twilight, then as the time of meridian passage decreases to 0", the body is 
observable in the west in the morning twilight with a gradually decreasing altitude, 
until it once again reaches opposition. 


Notes on the visibility of the principal planets, except Pluto, are given on page A8. 
Further information on the visibility of planets may be obtained from the diagram 
below which shows, in graphical form for any date during the year, the declinations of 
the bodies plotted on the planet diagram on page A7. 


DECLINATION OF SUN AND PLANETS, 1998 
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PLANETS, 1998 


LOCAL MEAN TIME OF MERIDIAN PASSAGE 
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VISIBILITY OF PLANETS 


MERCURY can only be seen low in the east before sunrise, or low in the west after sunset (about the time 
of the beginning or end of civil twilight). It is visible in the mornings between the following approximate 
dates: January 1 to February 10, April 15 to June 3, August 22 to September 16, and December 7 to 
December 31. The planet is brighter at the end of each period, (the best conditions in northern latitudes 
occur during mid-December, and in southern latitudes from the end of April to mid-May). It is visible in 
the evenings between the following approximate dates: March 4 to March 30, June 18 to August 6 and 
October 9 to November 26. The planet is brighter at the beginning of each period, (the best conditions 
in northern latitudes occur during mid-March, and in southern latitudes in July). 


VENUS is a brilliant object in the evening sky until mid-way through the second week of January when it 
becomes too close to the Sun for observation. It reappears at the beginning of the third week of January 
as a morning star and can be seen in the morning sky until the end of the third week of September when 
it again becomes too close to the Sun for observation; from mid-December until the end of the year it is 
visible in the evening sky. Venus is in conjunction with Mercury on January 26, August 25 and September 
11, with Jupiter on April 23, with Saturn on May 29 and with Mars on August 5. 


MARS can be seen in the evening sky in Capricornus, then Aquarius from the last week of January 
and passing into Pisces at the end of February until just after the first week of March when it becomes 
too close to the Sun for observation. It reappears in the morning sky during the second week of July 
in Gemini (passing 6° S of Pollux on August 11). It remains in the morning sky for the rest of the 
year moving into Cancer in mid-August, Leo in mid-September (passing 0°9 N of Regulus on October 6) 
and Virgo from the second half of November. Mars is in conjunction with Jupiter on January 21, with 
Mercury on March 11 and March 30, and with Venus on August 5. 


JUPITER can be seen in the evening sky in Capricornus passing into Aquarius in the last week of 
January. It becomes too close to the Sun for observation after the first week of February and reappears 
in the morning sky during the second week of March. Its westward elongation gradually increases until 
after mid-June it can be seen for more than half the night, passing into Pisces in early June and back to 
Aquarius in late August in which constellation it remains for the rest of the year. It is at opposition on 
September 16 when it is visible throughout the night. Its eastward elongation then gradually decreases, 
and after mid-December until the end of the year it can only be seen in the evening sky. Jupiter is in 
conjunction with Mars on January 21, and with Venus on April 23. 


SATURN is visble in the evening sky in Pisces until late March when it becomes too close to the Sun 
for observation. From the beginning of May it can be seen in the morning sky, passing into Cetus in the 
second half of July and returning to Pisces from mid-September where it remains for the rest of the year. 
It is at opposition on October 23 when it can be seen throughout the night. For the remainder of the 
year its eastward elongation gradually decreases being visible for the greater part of the night. Saturn is 
in conjunction with Mercury on May 12 and Venus on May 29. 


URANUS is visible in the evening sky at the beginning of the year in Capricornus and remains in this 
constellation throughout the year. It appears in the morning sky from mid-February and is at opposition 
on August 3. Its eastward elongation gradually decreases and from the beginning of November it can 
only be seen in the evening sky. 


NEPTUNE is too close to the Sun for observation until mid-February when it appears in the morning 
sky in Capricornus. It is at opposition on July 23. After mid-September it passes into Sagittarius and 
from early November back to Capricornus and can only be seen in the evening sky after mid-October. 


DO NOT CONFUSE (1) Mars with Jupiter in the second half of January when Jupiter is the brighter 
object. (2) Mercury with Mars in early March, and with Saturn in mid-May; on both occasions Mercury 
is the brighter object. (3) Venus with Jupiter in the second half of April, with Saturn from late May to 
early June and with Mars from late July to mid-August; on all occasions Venus is the brighter object. (4) 
Mercury with Venus from late August to mid-September when Venus is the brighter object. 


VISIBILITY OF PLANETS IN MORNING AND EVENING TWILIGHT 


Morning Evening 
Venus January 22 — September 22 January 1 — January 10 
December 10 - December 31 
Mars July 10 — December 31 January 1 — March 9 
Jupiter March 9 — September 16 January 1 — February 10 
September 16 — December 31 
Saturn May 1 — October 23 January 1 — March 27 


October 23 — December 31 


Jan. 


Feb. 


Mar. 


DIARY OF PHENOMENA, 1998 


A9 


CONFIGURATIONS OF SUN, MOON AND PLANETS 


Mars 4°S. of Moon 
Jupiter 3° S. of Moon 
Moon at perigee 
Earth at perihelion 
Saturn 0°2 N. of Moon 
FIRST QUARTER 
Mercury greatest elong. W. (23°) 
Aldebaran 0°48. of MoonOccn. 
Venus 4° N. of Neptune 

FULL MOON 

Venus in inferior conjunction 
Moon at apogee 

Neptune in conjunction with Sun 
LAST QUARTER 

Mars 0°28. of Jupiter 

Mercury 8°S. of Venus 

Venus 3° N. of Moon 

Mercury 5°S. of Moon 

NEW MOON 

Uranus in conjunction with Sun 
Juno stationary 

Jupiter 2° S. of Moon 
Mars 1°7S. of Moon 
Moon at perigee 

Saturn 0°6 N. of Moon 
Mercury 2°S. of Neptune 


FIRST QUARTER 
Aldebaran 0°2S. of MoonOccn. 
Venus stationary 

Mercury 1°48. of Uranus 

FULL MOON 


Pallas in conjunction with Sun 
Moon at apogee 


LAST QUARTER 


Venus greatest brilliancy 
Mercury in superior conjunction 
Jupiter in conjunction with Sun 
Venus 1°6N. of Moon 

Neptune 3°S. of Moon 

Uranus 3°S. of Moon 


Occn. 


Occn. 


NEW MOON Eclipse 
Moon at perigee 

Mars 0°7 N. of Moon Occn. 
Saturn 1290N. of Moon = Occn. 
Vesta 0°1S. of Moon Occn. 


Aldebaran 0°2S. of MoonOccn. 
FIRST QUARTER 


Venus 4° N. of Neptune 
Mercury 1°2 N. of Mars 
Pluto stationary 


dah 
Mar. 13 05 


13 20 
15 01 
19:07 
19 09 
20 04 
20 20 


21 08 


23 7 
24 10 
24 19 
26 12 
2) 15 
PEND 


28 03 


28 07 
30 05 
30 20 

1 08 


3 20 


6 17 
8 23 
iT 02 


ib ey) 


1372 
19 02 


19 20 


20 02 
20 20 
23 02 
23 07 
23 08 
24 19 
2018 


26 12 
28 18 
May 310 


411 
417 
8 09 
8 18 


11 14 


126 
12 20 
1707 
L720 
18 03 


19 05 


Apr. 


FULL MOON’ Penumbral Eclipse 


Juno 0°9N. of Moon 
Moon at apogee 
Venus 3° N. of Uranus 
Juno at opposition 
Mercury greatest elong. E. (19°) 
Equinox 


Occn. 


LAST QUARTER 


Neptune 3°S. of Moon 
Uranus 3°S. of Moon 
Venus 0°09 S. of Moon 
Jupiter 0°8S. of Moon 
Mercury stationary 
Venus greatest elong. W. (47°) 


Occn. 
Occn. 


NEW MOON 


Moon at perigee 

Mercury 4° N. of Mars 

Vesta 1°2N. of Moon Occn. 
Aldebaran 0°28. of MoonOccn. 


FIRST QUARTER 
Mercury in inferior conjunction 


Ceres in conjunction with Sun 
Moon at apogee 


FULL MOON 


Saturn in conjunction with Sun 
Mercury stationary 


LAST QUARTER 


Neptune 3°S. of Moon 

Uranus 3°S. of Moon 

Venus 0°3 N. of Jupiter 

Jupiter 0°2S. of Moon = Occn. 
Venus 0°08 N. of Moon = Occn. 
Mercury 0°9N. of Moon Occn. 
Moon at perigee 


NEW MOON 
Aldebaran 0°4S. of MoonOccn. 
FIRST QUARTER 


Neptune stationary 

Mercury greatest elong. W. (27°) 
Moon at apogee 

Juno stationary 


FULL MOON 


Mercury 0°8S. of Saturn 
Mars in conjunction with Sun 
Neptune 3° S. of Moon 
Uranus stationary 

Uranus 3° S. of Moon 


LAST QUARTER 
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Jupiter 0°4.N. of Moon  Occn. 
Venus 1°7N. of Moon 

Saturn 1°7 N. of Moon 

Moon at perigee 


Mercury 3° N. of Moon 
NEW MOON 


Pluto at opposition 
Venus 0°3 N. of Saturn 
Regulus 1°70 N. of Moon Occn. 


FIRST QUARTER 


Moon at apogee 
Vesta in conjunction with Sun 


FULL MOON 


Mercury in superior conjunction 
Neptune 2°S. of Moon 
Uranus 3° S. of Moon 

Jupiter 0°8 N. of Moon 


LAST QUARTER 


Saturn 2° N. of Moon 

Moon at perigee 

Solstice 

Venus 3° N. of Moon 
Aldebaran 0°48. of MoonOccn. 


NEW MOON 
Mercury 5° N. of Moon 


Mercury 5°S. of Pollux 
Regulus 0°8 N. of Moon Occn. 


FIRST QUARTER 

Moon at apogee 

Venus 4° N. of Aldebaran 
Earth at aphelion 

FULL MOON 


Neptune 2°S. of Moon 
Uranus 3° S. of Moon 
Jupiter 1°0 N. of Moon 
Moon at perigee 


LAST QUARTER 


Mercury greatest elong. E. (27°) 
Saturn 2° N. of Moon 

Jupiter stationary 

Ceres 1°1S. of Moon Occn. 
Aldebaran 0°3 S. of MoonOccn. 
Venus 4° N. of Moon 

Mars 5° N. of Moon 


NEW MOON 


Occn. 


Occn. 


Neptune at opposition 

Mercury 2°S. of Moon 
Regulus 0°7 N. of Moon Occn. 
Pallas stationary 

Mercury stationary 


July 


Aug. 


Sept. 


Oct. 


dh 
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4 03 
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PY9 
8 06 
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ed 
13 02 
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1605 


7.12 
18 11 


20 17 


23 06 
HEN a 
25 20 


28 21 


30 19 
142 
407 


Moon at apogee 
FIRST QUARTER 


Uranus at opposition 
Venus 0°8 S. of Mars 
Neptune 2° S. of Moon 
Uranus 3° S. of Moon 


FULL MOON’ Penumbral Eclipse 


Venus 7°S. of Pollux 
Jupiter 0°9 N. of Moon 
Moon at perigee 

Mars 6°S. of Pollux 
Saturn 2° N. of Moon 
Mercury in inferior conjunction 


LAST QUARTER 


Ceres 0°9S. of Moon Occn. 
Aldebaran 0°2S. of MoonOccn. 
Saturn stationary 

Pluto stationary 

Mars 4° N. of Moon 

Venus 3° N. of Moon 


NEW MOON 


Mercury stationary 
Mercury 3°S. of Venus 
Moon at apogee 


FIRST QUARTER 


Mercury greatest elong. W. (18°) 
Neptune 2° S. of Moon 

Uranus 3°S. of Moon 

Venus 0°8 N. of Regulus 


FULL MOON’ Penumbral Eclipse 


Jupiter 0°5N. of Moon = Occn. 
Mercury 0°8 N. of Regulus 
Moon at perigee 

Saturn 2° N. of Moon 

Mercury 0°4N. of Venus 
Aldebaran 0°3S. of MoonOccn. 
Ceres 0°9S. of Moon Occn. 


LAST QUARTER 


Jupiter at opposition 

Pallas at opposition 

Mars 2° N. of Moon 

Regulus 0°6N. of Moon Occn. 


NEW MOON 


Occn. 


Eclipse 


Equinox 
Moon at apogee 
Mercury in superior conjunction 


FIRST QUARTER 


Neptune 2°S. of Moon 
Uranus 3° S. of Moon 
Pallas 1°0S. of Moon 


Occn. 


doh 
409 


5 20) 


6 13 
6 16 
POT 
9 16 
922 
10 17 
1a 


12 11 


ream) 
16 04 
19 01 


20 10 


21.05 
Zr 18 
23, 19 
28 O1 
28 03 


28 12 


28 20 
30 04 
31 16 
3 09 
401 


4 05 


6 02 
6 04 
0.23 
9 09 


11 00 


11 09 
(1122 
13 18 
1401 


Oct. 


Nov. 


H2215 — 086 
H0509 + 167 
3U16I= TS 
A1805 — 18 

3U1728 — 16 


DIARY OF PHENOMENA, 1998 


All 


CONFIGURATIONS OF SUN, MOON AND PLANETS 


Jupiter 0°2 N. of Moon 
FULL MOON 


Moon at perigee 
Mars 0°9N. of Regulus 
Saturn 1°8 N. of Moon 


Aldebaran 0°48. of MoonOccn. 
Occn. 


Ceres 0°9S. of Moon 
Ceres stationary 
Neptune stationary 


LAST QUARTER 


Regulus 0°5N. of Moon Occn. 
Occn. 


Mars 1°0N. of Moon 
Uranus stationary 


NEW MOON 


Moon at apogee 

Mercury 7° S. of Moon 
Saturn at opposition 

Juno in conjunction with Sun 
Neptune 2°S. of Moon 


FIRST QUARTER 


Uranus 2°S. of Moon 

Venus in superior conjunction 
Jupiter 0°2 N. of Moon 
Saturn 1°7N. of Moon 
Moon at perigee 


FULL MOON 


Aldebaran 0°68. of MoonOccn. 
Occn. 


Ceres 0°3S. of Moon 
Pallas stationary 
Mercury 1°9N. of Antares 


LAST QUARTER 


Mercury greatest elong. E. (23°) 


Regulus 0°3N. of Moon Occn. 
Occn. 


Mars 0°5S. of Moon 
Jupiter stationary 


Occn. 


Occn. 


deh 
Nov. 17 06 


19 04 


20 21 
21 14 
24 09 
HSS fo 


27 00 


28 O1 
28 22 
30 08 
30 L7 
115 
Bee 
3 06 
Sia he 


SPAS) 
9 06 
10 18 


11 06 
12 08 
1417 
17 00 


1323 


20 04 
21 16 
2202 
22 06 
22 VA 
22 23 
eat 


26 11 


21823 
30 16 
30 18 
30 23 


Dec: 


Moon at apogee 
NEW MOON 


Mercury 7°S. of Moon 
Mercury stationary 
Neptune 1°9S. of Moon 
Uranus 2°S. of Moon 


FIRST QUARTER 


Jupiter 0°6 N. of Moon 
Ceres at opposition 
Pluto in conjunction with Sun 
Saturn 1°8 N. of Moon 
Mercury in inferior conjunction 
Moon at perigee 

Ceres 1°2N. of Moon Occn. 
Aldebaran 0°68. of MoonOccn. 


FULL MOON 
Regulus 0°01 N. of Moon Occn. 


LAST QUARTER 


Occn. 


Mercury stationary 
Mars 1°8S. of Moon 
Moon at apogee 
Mercury 3°S. of Moon 


NEW MOON 


Mercury greatest elong. W. (22°) 
Neptune 1°7S. of Moon 
Solstice 

Mercury 7° N. of Antares 
Uranus 1°8S. of Moon 
Vesta stationary 

Jupiter 1°2 N. of Moon 


FIRST QUARTER 


Saturn 2° N. of Moon 
Saturn stationary 


Moon at perigee 
Aldebaran 0°6S. of MoonOccn. 


Occn. 


OCCULTATIONS OF X-RAY SOURCES BY THE MOON 


Occultations occur at intervals of a lunar month between the dates given below: 


Dates 


Jan 2 

Jan. 10-Apr. 29 
Jan. 23—Dec. 17 
Jan. 25—Dec. 19 
Feb. 21—Mar. 20 


Source 


Source Dates 
H1648 — 185 June 9 
H0509+167 July 20-Sept. 12 
H1648—185 Oct. 24-Dec. 17 
2A2302—088 Oct. 31—Dec. 24 
3U1758—020 Dec. 19 


AVAILABILITY OF PREDICTIONS OF LUNAR OCCULTATIONS 


The International Lunar Occultation Centre, Astronomical Division, Hydrographic 
Department, Tsukiji-5, Chuo-ku, Tokyo, 104 JAPAN is responsible for the predictions and 
for the reductions of timings of occultations of stars by the Moon. 


IW) RISINGS, SETTINGS AND TWILIGHTS, 1998 


Arrangement and basis of the tabulations 


The tabulations of risings, settings and twilights on pages Al4—A77 refer to the instants when 
the true geocentric zenith distance of the central point of the disk of the Sun or Moon takes the 
value indicated in the following table. The tabular times are in universal time (UT) for selected 
latitudes on the meridian of Greenwich; the times for other latitudes and longitudes may be 
obtained by interpolation as described below and as exemplified an page A13. 


Phenomena Zenith distance Pages 
SUN (interval 4 days): sunrise and sunset 90° 50’ A14-A21 
civil twilight 96° A22-A29 
nautical twilight 102° A30-A37 
astronomical twilight 108° A38—-A45 
MOON (interval 1 day):moonrise and moonset 90° 34 +s—n A46—-A77 


(s = semidiameter, 7 =horizontal parallax) 


The zenith distance at the times for rising and setting is such that under normal conditions the 
upper limb of the Sun and Moon appears to be on the horizon of an observer at sea-level. The 
parallax of the Sun is ignored. The observed time may differ from the tabular time because of a 
variation of the atmospheric refraction from the adopted value (34’) and because of a difference 
in height of the observer and the actual horizon. 


Use of tabulations 


The following procedure may be used to obtain times of the phenomena for a non-tabular 
place and date. 


Step 1: Interpolate linearly for latitude. The differences between adjacent values are usually 
small and so the required interpolates can often be obtained by inspection. 


Step 2: Interpolate linearly for date and longitude in order to obtain the local mean times 
of the phenomena at the longitude concerned. For the Sun the variations with longitude of the 
local mean times of the phenomena are small, but to obtain better precision the interpolation 
factor for date should be increased by 


west longitude in degrees /1440 


since the interval of tabulation is 4 days. For the Moon, the interpolating factor to be used is 
simply 
west longitude in degrees /360 


since the interval of tabulation is 1 day; backward interpolation should be carried out for east 
longitudes. 


Step 3: Convert the times so obtained (which are on the scale of local mean time for the 
local meridian) to universal time (UT) or to the appropriate clock time, which may differ from 
the time of the nearest standard meridian according to the customs of the country concerned. 
The UT of the phenomenon is obtained from the local mean time by applying the longitude 
expressed in time measure (1 hour for each 15° of longitude), adding for west longitudes and 
subtracting for east longitudes. The times so obtained may require adjustment by 24°; if so, the 
corresponding date must be changed accordingly. 


Approximate formulae for direct calculation 


The approximate UT of rising or setting of a body with right ascension w and declination 6 
at latitude @ and east longitude 2 may be calculated from 


UT = 0-997 27 {a—A+t cos '(—tan @ tand) —(GMST at 0° UT)} 


where each term is expressed in time measure and the GMST at 0" UT is given in the tabulations 
on pages B8-B15. The negative sign corresponds to rising and the positive sign to setting. The 
formula ignores refraction, semi-diameter and any changes in « and 6 during the day. If 
tan @ tan od is numerically greater than 1, there is no phenomenon. 


RISINGS, SETTINGS AND TWILIGHTS, 1998 Al13 


Examples 


The following examples of the calculations of the times of rising and setting phenomena 
use the procedure described on page A12. 


1. To find the times of sunrise and sunset for Paris on 1998 July 20. Paris is at latitude 
N 48° 52’ (= +48°87), longitude E2° 20’ (= E 2°33 = E0* 09"), and in the summer the 
clocks are kept two hours in advance of UT. The relevant portions of the tabulation 
on page Al9 and the results of the interpolation for latitude are as follows, where the 
interpolation factor is (48-87 — 48)/2 = 0-44: 


Sunrise Sunset 

+48° +50° +48°87 +48° +50° +48°87 

he oni h m h m h m h m h m 

July 17 0418 0409 04 14 1954 2002 19 58 

July 21 0422 0414 04 18 19 50 1958 19 54 
The interpolation factor for date and longitude is (20 — 17)/4 — 2:33/1440 = 0-75 

Sunrise Sunset 

da, chee mn d¢ Shim 
Interpolate to obtain local mean time: 20 04 17 20 19 55 
Subtract 05 09™ to obtain universal time: 20 04 08 20 19 46 
Add 25 to obtain clock time: 20 06 08 20 21 46 


2. To find the times of beginning and end of astronomical twilight for Canberra, 
Australia on 1998 November 15. Canberra is at latitude S 35° 18’ (= —35°30), longitude 
E 149° 08’(= E149°13 = E9* 57™), and in the summer the clocks are kept eleven 
hours in advance of UT. The relevant portions of the tabulation on page A44 and the 
results of the interpolation for latitude are as follows, where the interpolation factor is 
(—35-30 — (—40))/5 = 0-94: 

Astronomical Twilight 


beginning end 
—40° —35° —35°30 —40° —35° —35°30 
h m h m h m he mm hy om h m 
Nov. 14 02 47 0309 03 08 2004310720) 2021 
Nov. 18 O2R4 103) 05m 103304 RDO QUA AY 27 


The interpolation factor for date and longitude is (15 — 14)/4 — 149-13/1440 = 0-15 
Astronomical Twilight 


beginning end 
d hm d oh m 
Interpolation to obtain local mean time: 15 03 07 15 20 (22 
Subtract 95 57™ to obtain universal time: 14 17 10 1S) 10725 
Add 115 to obtain clock time: 15 04 10 15) 21425 


3. To find the times of moonrise and moonset for Washington, D.C. on 1998 Febru- 
ary 6. Washington is at latitude N 38° 55’ (= +38°92), longitude W 77° 00’ (= W77°00 
= W508™), and in the winter the clocks are kept five hours behind UT. The relevant 
portions of the tabulation on page A48 and the results of the interpolation for latitude 
are as follows, where the interpolation factor is (38-92 — 35)/5 = 0-78: 


Moonrise Moonset 
+35° +40° +38°92 +35° +40° +38°92 
h m h m h m J oraiaet h m Joy ayn 
Feb. 6 IBD Resell aisei3 02 40 0251 02 49 
Feb. 7 1413 4 02> 14104 03 37 03 49 03 46 
The interpolation factor for longitude is 77:0/360 = 0-21 
Moonrise Moonset 
d h m d oh 


Interpolate to obtain local mean time: 6 13 24 6 03 O1 
Add 5* 08™ to obtain universal time: G18 52 6 08 09 
Subtract 5" to obtain clock time: 6\1o. 52 6 03 09 


Al4 SUNRISE AND SUNSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
SUNRISE 
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SUNRISE AND SUNSET, 1998 Al5 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
SUNRISE 
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UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
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indicates Sun continuously above horizon. 
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A26 CIVIL TWILIGHT, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING CIVIL TWILIGHT 
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UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 


BEGINNING OF MORNING CIVIL TWILIGHT 
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A28 CIVIL TWILIGHT, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING CIVIL TWILIGHT 


HY mi) bm) ht) om’) it mi) a oa) ht ma) fp mi! bi mi) “bt mi!) ee mi ty ma) ma), om!) Cb em 

Oct Me4sSOh 4SHyS Osi SOS S AAS USS BOW S B30 S Qon Ss: Zoe S 9" 5) 911) 29) so 
5, 4039) Argel A 155i 5 Ot S OG S LO) SalG S QS Qa Ss Oss 5 0 ss) S2u pes 321) 438 

Dy Ay28') 4.39 4.484 Sot 5 OO S OSI 'S 1B S Tis 23k 5S Qik S Se 345 35) 37 

13} 4 18) 4 31} 4 40) 4 48] 4 55} 5 00) 5 09; 5 16} 5 22] 5 27) 5 32} 5 36) 5 39) 5 41 

Wi ANON 4 22 4 S34 40 4 4004 SOW S OG S a4 S Qian S Qi S3SiS. 9 ss 40 es 45 

QA BST! 4 U3 4 Qe 4 264 44 4 StS 03) 5 12 5 2OPS 2s) 5 34 S 4 Ss. 45, 5 49 

DSi 3 4a 4 OS 4 19kA 20 4 39 4 47 S00 S We S 2OP S 28) S36) Si 44S, 43 oS 53 

290 3 SiS SE Al AD: DAN 4 3S 4 AB AST DS OSNE S ASS, 23) Ss SUS Aus: S20 57 

Novi 2k 3 27) 3 49) 4 O6)) 4 19" 4 30), 4 40ne4 SS" 5S O89 'S 19) 5 29i) S 39, Ss SON S155] 6002 
Gi Shr Ss 40" 4 OO 4 TA 4 26 4 264 S63) 5 OF) S DON S30 S 4S: 53) 5.59!) 606 

10% 3: O8ip 3.34) 3B: S44 OO 4 22 4 S38 4 Sit 5. OG) S OT S Sir S435 SSG} 6 Oi 6 10 

LA 2-59) 3) 28) 3 49k 4 OSie 4 194 SH SO S: OSN 5. 9) 3. BOS. 45" S S59) h 6: OG 6 1S 

18) 2 Si) 3 22) 3-44). 4 ON 4 164. 28) 4.49) 5. OS S 2OWw 5S. 33) 5. 47 6 02) 6 LO) 6 19 

22iF 2 43ir 3! V6 3: 40)" 3 SON 4 V4 4 Da 4 AS SOS 5 20) S35) S 49i) 6 OS 6 W4r 6 23 

26" 2 Zips: We S' SEZ SE 4A Dh 4 Sie Aare SOS Sc Qh SD STS. SQW GLOSIF Gu 6 27 

30) 2 30) 3 07) 3 34) 3. 54) 4 11) 4 24) 4 47) 5 06) 5 23) 5 38) 5 54) 6 11) 6 21) 6 31 

Dec 4 225i) 3 OA 3. 3235 3 SSE ATONE 4 24 4. ASE SOF S 24h S&S 40" S SHE G 14) 6 24) Gass 
Sis 2 Divir 3. OZ 3. SOW 3. SQ 410i 4 24. 4 48° 5. O8)) S 26)" S. 42-5 SO 6 Lh 6 27| 6 39 

De 2, 19ic 3: OL 3. 30}y 3. SHS LON 4 QS5ie 4.49) 5 10S 27S 440 6 OF 6 2Oi, 6 30) 6 42 

16)" BTS 3, Ol 3. 30H. 3. SB. Lite 4. 26) 4 SIGS US 291) Sd 46) 6 O40 6 221) 6 33) 6 45 

QO 2 V8ie 302i Bi Sse 3 Sin 4 25 4 VBsin 4 SAG S 13) S Sy S 48) 6 OGit G 25! 6 Sail 6 47 

24" 2. 20) 3: O4i) 3: 3315 3 Sei) 4 14) 4 30)) 4 551) S 15) S 33 S SOW 6 OS 6 27 6 37-6 49 

QE 2 QA BuiOst 3 S64 3 S59) 4. Ly A SQ 4 Stile S TA SF 3S S SBC GS LOle 6 QBee G SR 6 SO 

32 229i Bi We 3! AOA OQ 4 QO 4 35¢ 4 Soi S 19}, FS BA S SA @ 1) 6 SO 6 40) Gest 

36 2 35i¢ 3 Gir 3 44a OGIP 4 D3ik 4 38h S Odie S Dir 5 39 5 SE) @ IB 6 30) 6 4ii| 6 52 


END OF EVENING CIVIL TWILIGHT 
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CIVIL TWILIGHT, 1998 A29 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING CIVIL TWILIGHT 


ee 
Lat. +40° | +42° | +44° | +46° | +48° | +50° | +52° | +54° | +56° | +58° | +60° | +62° | +64° | +66° 
bY rai) mi] mi) “A mi bh mi} bh mi bh mi! bh mi) h mi ho mi ho mi bh mi) bh mi bh m 

Oct PRPS 29> 29S 28S Qi 3d 2S > Qi 5S. Qin Ss QE 5 Qt 5 V4 5 Woe sye9|, 5,21 Sal9 
Mey ssh Soleo S35 o Soil >) Sok oS ooh 5) O30 oe Soin So SSN So 3Sh > 330 5 327 5 32) S31 

ey STi) Sip > SSIS SS > 39" 5: 40S 40) S 4M Ss 41) 5S 428 5 420) 5438 5) 43) 5 44 

IBY DS 40103 42h > 430 5 44 5 45" S46) 5. 47 5 48) 5 49% SSOls 5 SQ S 53) 5-55 5 57 
LED 451) > 460 5 47° 5 49) S SOI) 5 52) 5 53) 5S SS S STI S 59176 OL 6 OSE 6 OG 6 09 

2H > 49) > SHE SD S20 S S41 5 561) 5 58) 6 00) 6.02) 6 OSI 6 08) 6 ID) 6 147 6 17 6 22 

251) > 53) 3 55\) 5 ST S 59-6 02'/) 6 O4i) 6 07) 6 10)1 6 13) 6 16)’ 6 20) 6 24)' 6 29) 6 34 

29| 5 57! 6 00! 6 02] 6 05} 6 08| 6 11] 6 14] 6 17] 6 21| 6 25) 6 29] 6 34] 6 40] 6 47 
Nov. 2] 6 02] 6 04} 6 07} 6 10] 6 13] 6 17) 6 20) 6 24) 6 29] 6 33| 6 39] 6 45) 6 51] 6 59 
Gl) © OG 6 ON 6 IZ G 16, 6 19 6 23) 6 27" 6 320 6 37) 6 42/5 6 48) 6 Sais 7 03) Tal2 

10% 6 10, 6 1456 17k 6 Zh 6 25) @ 291" & 34) 6 39" 6 44) 6 SOI 6 SHU 7 OSI 7 14) 7 24 

14) 6 1S 6 18k 6 QF & 26" 6 3 G6 35) 6 40k 6 465 6 S21) 6 59) 706), 7 15s 7 24) 7 36 
LMG 19 6 23h 6 Qi 6 3h & 36)! 6 411) 6 47h & SSF 6 SO % O71) % Ih 7 240 7 Sar 7-48 

22, 6 2 6 27 G 32" 6 37 6 42 6 47) 6 53') 6 SO 7 OGL 7 L4 7 23 7 33k 7 454" 7 59 

26, Gali @ S20 6 S60 6 40" 6 471 @ S316 So OG) 7 13, wQ2K Test 7 4H 7 Sok 8 10 

Z0iF 6 3K 6 36h 6 41 6 460 6 521) 6 S58) 7 O40 FH 1D 7 19" 7 2810 % 39" 7 50S O04), 8 20 

Dee 46 35 6 40% 6 450 6 SOS 6 Soll 7 O3)) FOO & U7" 7% 25k % 35). h 45Ke % STN 8 12) Se29 
Sic 6 39)! 6 44)— 6 49ir 6 54 1— 7 OO") 7 07) 7 141) 7 22) 7 30) 7% 40) 7 SE 8 04); 8 19) 8 37 
IDG 42 6 471 6 S20 6 SS 7 O04 7 Ul 7 18a 7 26) 7 SF 7 45h D SGle 8 OF" S$ 25,8 44 

16| 6 45| 6 50! 6 55| 7 01] 7 07| 7 14] 7 21} 7 30) 7 39} 7 49} 8 00] 8 14) 8 30) 8 49 

20) G 47a 6 S26 Sky 7 O47 LON Wa 7 247 320 7 47 Se 8 O38 S 1 S 33 8 53 

24) 6 49) 6 54 7 00) 7-06)! 7 12) 7 19] 7 26) 7 34) 7 43). 7 54) 8 OS) 8 19) 8 35) 8 55 

Dour GSO 6 SG) © OLE 7-O7 7 13 7 QO 7270 7 35 7 440 7 S50 8 OGIS 208 8 35158 55 

32| 6 51| 6 56] 7 02] 7 08| 7 14] 7 20) 7 28] 7 36| 7 44] 7 54] 8 06] 8 19] 8 34] 8 53 
266 Sa GO STIS 7 OLN OS 7 14 7 207 Qk 7h 350 743i 7 S3it 8 O4b So 17 8 32) 8e50 


END OF EVENING CIVIL TWILIGHT 


h m| h m| bh mi b m| bh m| bh m/| bh m| bh m| bh m| bh m| hb m} b m| b m| bh m 
1/18 10)18 10/18 10/18 10)18 11/18 11]18 12)18 12]18 13}18 14)18 15}18 16)18 17) 18 19 
5/18 03/18 03/18 03/18 03/18 03/18 03/18 03/18 02]18 03) 18 03] 18 03/18 03} 18 03}18 04 
9117 57117 57/17 56117 55|17 55|17 54]17 54] 17 53|17 52)17 52}17 51/17 50}17 50) 17 49 
3 
7 


17 51/17 50]17 49] 17 48/17 47|17 46/17 45) 17 44/17 42/17 41)17 40) 17 38)17 36,17 34 
17 45|17 44] 17 43/17 41]17 40)17 38)17 36/17 35|17 33}17 31)17 28)17 26/17 23) 17 20 


21/17 40/17 38/17 36/17 34/17 32/17 30/17 28/17 26/17 23117 21)17 18/17 14)17 11)17 06 
25117 34/17 32/17 30|17 28/17 26|17 23}17 20/17 18|17 14) 17 11)17 07/17 03} 16 58) 16 53 
29117 30/17 27/17 25|17 22/17 19|17 16]17 13/17 10|17 06] 17 02) 16 57) 16 52/16 46] 16 40 
Nov. 2/17 25/17 22/17 19]17 16]17 13)17 10]17 06/17 02)16 58] 16 53) 16 47/16 41/16 35) 16 27 
6/17 21) 17 18)17 14]17 11}17 07/17 04) 16 59] 16 55} 16 50/16 44/16 38) 16 31) 16 24/16 15 


10117 17/17 14117 10|17 06/17 02] 16 58/16 53/16 48] 16 43) 16 37/16 30/16 22|16 13) 16 03 
14117 14]17 10117 06|17 02]16 58] 16 53/16 48|16 42] 16 36/16 29/16 22/16 13) 16 03) 15 52 
18117 11/17 07/17 03) 16 58|16 54/16 49/16 43|16 37/16 30/16 23/16 15}16 05) 15 54) 15 42 
22117 09/17 04117 00] 16 55/16 50|16 45/16 39/16 32) 16 25|16 17/16 08} 15 58] 15 46) 15 32 
26| 17 07117 02116 58116 53)16 47/16 42] 16 35)16 28|16 21/16 12) 16 03}15 52}15 39) 15 24 


30/17 06/17 01/16 56/16 51]16 45/16 39/16 33/16 25) 16 17/16 08}15 58|15 47) 15 33) 15 17 
Dec. 4/17 05/17 00/16 55/16 50|16 44/16 37|16 31] 16 23/16 15/16 05} 15 55) 15 42) 15 28) 15 11 
8117 05117 00/16 55/16 49]/16 43/16 36/16 29/16 22]16 13} 16 03}/15 52) 15 39) 15 24) 15 06 
12117 05117 00116 55/16 49/16 43/16 36/16 29/16 21] 16 12}16 02/15 51) 15 38) 15 22/15 03 
16|17 06117 01/16 56/16 50|16 44/16 37/16 30] 16 21) 16 12/16 02/15 51] 15 37) 15 21} 15 02 


20/17 08117 03/16 57/16 51|16 45/16 38/16 31/16 23/16 13) 16 03) 15 52) 15 38/15 22) 15 02 
24/17 10117 05/16 59/16 54|16 47/16 40] 16 33/16 25/16 16] 16 05) 15 54) 15 40/15 24) 15 04 
98117 13117 07/17 02/16 56|16 50/16 43/16 36/16 28/16 19} 16 09) 15 57} 15 44/15 28) 15 08 
32117 16/17 10/17 05/16 59/16 53|16 47/16 39/16 31/16 23) 16 13]16 OL} 15 48) 15 33)15 14 
36117 19117 14117 09117 03|16 57/16 51]/16 44/16 36/16 27) 16 18] 16 07/15 54/15 39] 15 21 


A30 NAUTICAL TWILIGHT, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING NAUTICAL TWILIGHT 


Lat Boke 50° 45° 40° | —35° | —30° | —20° | —10° 0° +10° | +20° | +30° | +35° | +40° 
ht ool he ol bm ml he tal ht pa mle na i ntl be ot) bom) ®t my) hm) bom 

Vane oe fale 2 OS 2 48h Ste 3 4 4004 2S Ae 5 ine Se 10S, 26 oe 4 oh 59) O08 = Ol] 
POM OSie 2, Sas skies 44 4S 4e 3 Me an 55 Ne See o eS 4 4u  OOen Ono] mom lis 

GCiOr 45k 2. USP 2 STi Ss 26" 3 484064 3416 4 SSIES LA Ss 30s: 45) 6 On 61 09 e6 18 

LO £ OS 2 231" 3: 0310 3 SiN 3 521) 4°09 437i 458 Se Guess, Scie s 461m Oe Ole 6096" 18 

14 23) 2 31 3 O93 363 S5S6IC4 134405 5S OOK Ss eS 33 > 47 oO 02 eG O91 67 17 

1S 140 240) SEG SF 4h 4 OLA 174 ASS OZ 5 SN 5 34S 476 Ol 608i G 16 

22, S62 500 3 2350 3 470 4706 4°21) 4°46ie SOS Sr 2010 3: 341" 5°47) 6 0015 6 O75 67 14 

26i— 2) 1 DSO SSO 3S 53) 4 4 2G 4 4S Sr Oe SY 220) SF 35.8 Se 47a: SOG UGie 6. 12 

BO Qe 26m se OO Sr 3A) 3) SOE 4s 16 4t SO 4a 52 Te sr 09 Nes 23ite a) So" Stam Se Sie OF O31 OS09 

Reb, Bilh2 400 Ses sr45 Ma OS 4 DU Ar S4k 4h SA St Ole Sr 24 SF 35:8 3) 46)" St SGI O Ola) 67 U6 
Pi 2 SSE 3 28) 3) SQUEAY OAR 26 AP Sit 4e Siikvs) 12 Se 246 S35 eS) 44> SSeS) SSH 602 

Lie 306 3° 37a 4 OO 4 ties 30 4-42" 5 OOS S14 S25, SeSae SY 435i) St SIS Ss SATS (SS 
ISS US SAGA Oni 4 QF ae SS iar agile s O20 Sy Ison St So or4 ii os 4a 5) Reo) 4 
IRS 30 3 5sie 4 14| 4289 4 40 449 5 04 = St 16s S25 5) 3210 SF 39S 4 Se 47 S49 

Bie 3-4-4 O44 20 42 344 a4 4ie 4°53 OG ot TIP St 25 SS S36 > 4 Ss 42 5 44 

2) 30 SUN 4 a OT 4 39 4 48 4 Sone 5 OS a) LEIS Sr 24 S308 3 340° Ss S30 S 38m 5 38 
Mar Bib 4 0210 4°06" 4 334 44 4 S24 SOS TONES _USie St 24S Se 286 Se Sie St 320 333" SmoZ 
en a ID ar OS 4 40 449i 4 S56 Ss ORS LAS Sit 5 23) Se 26 SF 26 S 25 a) 27H 1 26 

ie 4e 2 EAS SS 44S 4 Sa SOON S OSS Sib 5S LOWe 5 QO Se 24 Sy Dares) 23, St Dee 5 20 

TSN 3ON 442i 4 Stee 4 SS S04 S O85 WSS 19S 2S 225 2a S19 5 1 5” ta 

LO 4S 391 44 Oe ae STE S OSE 5 OF Se SGI S= 19S 20 S 205 SS Sia Se iti 5°07 

2B a Ai 4s Soe Ss OZ S-O7 = SS SSeS WHS 18S LORE Ss: ta STA SFOS Sr OSS 5.00 

Ze 4 Ole oy Ose SOS SMe S TAS V6 5: USS) LORS Tae 5: USE 5 Wis) OF ar Sout 54 

Sue SEO4h Sw OOWE ’S: bse So Se S UTE SSeS LOWS LS SG Ss TN SOS ae SO ae Sab 454g 

Apr 4S. i SUSE Se US 519i S 20S 2 5) 20h SUS Ss: USS TOES O35 4 Sa Ar agi a0) 


END OF EVENING NAUTICAL TWILIGHT 


he mat) AE mil) bt mo: Chena; be mi! by mil be mit be mit be mi bo amiloh, ami) bi mh mi! bom 
Jan. —2| // //|22 01) 21 16/20 46] 20 23) 20 04/19 36/19 13}18 55|18 38/18 22/18 05|17 57/17 47 
2) 23 42/21 59/21 15|20 46] 20 23) 20 05/19 37/19 15]18 56/18 40]}18 24] 18 08/18 00/17 50 
6) 23 22/21 55/21 14)20 45) 20 23) 20 05/19 38])19 16] 18 58/18 42/18 26]18 11/18 03/17 54 
10) 23 06) 21 51) 21 11/20 44) 20 22) 20 05/19 38/19 17/18 59)18 44/18 29]}18 14]18 06/17 57 
14) 22 51) 21 45) 21 08/20 42] 20 21) 20 04/19 38/19 18/19 01/18 45/18 31/18 17/18 09/18 01 


18|22 38|21 39) 21 04) 20 39) 20 19) 20 03] 19 38)19 18}19 02)18 47)18 33]18 20/18 13)18 05 
22|22 24) 21 32) 20 59} 20 35) 20 17) 20 01/19 37/19 18/19 03] 18 49/18 36/18 23/18 16/18 09 
26) 22 11)21 24) 20 54| 20 31/20 14) 19 59] 19 36/19 18/19 03] 18 50/18 38]18 26/18 20/18 13 
30] 21 58} 21 16} 20 48) 20 27) 20 10/19 56) 19 35] 19 18} 19 04/18 51}18 40/18 29/18 24]18 18 
Feb. 3/21 45) 21 08) 20 41] 20 22) 20 06] 19 53} 19 33/19 17/19 04] 18 53/18 42/18 32/18 27/18 22 


7) 21 33) 20 59} 20 35)20 16] 20 02} 19 50/19 31/19 16] 19 04) 18 54/18 44/18 35}18 31}18 26 
11) 21 20) 20 SO} 20 28)20 11] 19 57} 19 46/19 28/19 15) 19 04) 18 54} 18 46/18 38/18 34/18 31 
15} 21 08) 20 40} 20 20) 20 05) 19 52] 19 42} 19 26/19 13)19 03/18 55]18 48]1& 41) 18 38]18 35 
19} 20 56} 20 31) 20 13} 19 59/19 47) 19 38) 19 23} 19 12/19 03}18 55]18 49])18 44] 18 42]18 39 
23) 20 44) 20 22] 20 05/19 52/19 42) 19 33|19 20/19 10)19 02] 18 56/18 51} 18 47} 18 45|18 44 


27) 20 32) 20 12) 19 57/19 46/19 36} 19 29) 19 17/19 08}19 O1)18 56) 18 52]18 49)18 48/18 48 
Mar. 3] 20 20/20 03/19 49) 19 39) 19 31/19 24)19 13/19 06/19 00] 18 56} 18 53/18 52/18 52/18 52 
7| 20 09} 19 53) 19 42/19 32)19 25/19 19) 19 10)19 04] 18 59)18 56} 18 55|18 55)18 55/18 56 
11/19 57) 19 44) 19 34] 19 26/19 19/19 14) 19 07/19 01] 18 58] 18 56/18 56/18 57/18 59/19 O1 
15} 19 46) 19 34) 19 26)19 19} 19 14/19 09}19 03) 18 59] 18 57} 18 56} 18 57} 19 00119 02]19 05 


19/19 35/19 25} 19 18] 19 12} 19 08/19 04) 18 59) 18 57) 18 56] 18 56} 18 58|19 02|19 05} 19 09 
23) 19 24/19 16/19 10/19 05/19 02] 18 59] 18 56)18 54}18 55|18 56} 18 59)19 05/19 09) 19 14 
27) 19 14) 19 07/19 02/18 59] 18 56) 18 54) 18 52}18 52/18 53/18 56/19 01/19 08|19 12/19 18 
31} 19 04) 18 58) 18 55} 18 52} 18 51) 18 50) 18 49/18 50/18 52]}18 56)19 02/19 10) 19 16}19 23 
Apr. 4/18 53/18 50} 18 48) 18 46) 18 45/18 45] 18 46) 18 48] 18 51/18 56|19 03]19 13}19 19]19 27 
pe ee Se SS et ae ee el ee i es lee See lee be he 


// // indicates continuous twilight. 
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NAUTICAL TWILIGHT, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING NAUTICAL TWILIGHT 
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NAUTICAL TWILIGHT, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 


BEGINNING OF MORNING NAUTICAL TWILIGHT 
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ASTRONOMICAL TWILIGHT, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING ASTRONOMICAL TWILIGHT 
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A40 ASTRONOMICAL TWILIGHT, 1998 
UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING ASTRONOMICAL TWILIGHT 
Lat. 

hemi) he mi) He malt HE ol) Wh me) He mil) be mill be mi be mae be mi bh mip hy my be m7 hy m 
Mar. 31] 4 20] 4 31] 4 38] 4 44] 4 48] 4 50| 4 54] 4 54) 4 52] 4 48] 4 41| 4 30] 4 23) 4 14 
Apr. 4| 4 29] 4 37) 4 43] 4 48] 4 51; 4 53) 4 55| 4 54] 4 51] 4 45] 4 37] 4 25) 4 17) 4 06 
8| 4 36] 4 44] 4 48] 4 52] 4 54) 4 55] 4 56] 4 54| 4 49| 4 43] 4 33] 4 20) 4 11] 3 59 
12] 4 44) 4 50] 4 53] 4 56] 4 57] 4 57| 4 56] 4 53] 4 48| 4 40) 4 30] 4 14] 4 04} 3 52 
16| 4 51] 4 56] 4 58} 4 59]| 5 00} 5 00] 4 57] 4 53] 4 47P 4 38] 4 26] 4 09; 3 58] 3 44 
20! 4 59} 5 01] 5 03] 5 03] 5 03] 5 02} 4 58] 4 53] 4 45| 4 36] 4 22) 4 04} 3 52) 3 37 
24 SOS) SPOT) SOM? SOFIE SAOGIE S204" 455916 455346 4: 44)" 453308 4o 198 355916 3546)" 3530 
QWBil- SP IDI 5. ADI Sede S1O'e Sv OBI SAOGIE 5. OOK 45 53i|) 45436 4° 30h 4 16IF 355418 3°40) 3° 23 
May 2] 5 18] 5 17} 5 16) 5 14] 5 11} 5 08] 5 01} 4 53] 4 42] 4 29) 4 12} 3 50} 3 35| 3 16 
GP SaQS1 Se QF Se20ie SALTS Se VA Se 1ON* Se O2Ns 435 SBE 4k 4G 45 OTe 45 LONG Se4ie 3529))5 3809 
LOM Se 302 Se2TIE Sa24G SRQOK. Se 1Gie ShIDIE SHOSIE 40 53i0 4240F 452610 48075 3x4 3524" 3°02 
14 le S= 36) SO3Die SA2Sie S223 5) 19S SAIAIS SaO4 45530 45408 452405 A504 3537 Sh LONE 2556 
1S S24ahe So361" Sass S 260 Sa2ie SHG SHOGe 4R 540 454010 45236 450210 35345 35 ish 2°51 
224 Se 462 Sx40i 54350 SR29i) 58240 5. 181) SHOT 4540 4.4018 4522 45 OONL Se 30it 3° TR 2745 
26| 5S 51) 5 44) 5°38) 532) 5261'S 20) 5. 08) 4 55) 4 40) 4 22) 3.59) 3 28). 3 OF) 2 41 
30)2 Sa5Siu= S848)" SU 4 Sx 35iIF SE2BIE Se22" SeODMi 4:55) 4540) 4 QE 35589 3526) 3° 041" 2°37 
June? Bir S850 SASSI S244 5a37ih Sas Sa24i0 SHOW 40566 4840/8 46208 3° S70 38240 3°02) 2833 
TA 6502.4 S854 SR46e Su 39 SHS2I SaZSiP Se UZ 4457 4c 4018 4a 20 3° SGI 35 23ie 3uOOH” 2538 
Ie 62054 52567 St48il Sea, S34 SHQT SEIS 4a585 424k 452 30 SGIG Sa 22F 2e59)18 2529 
US GLO De S258ile S50 SH4 Qi Su3sit Se2Sih SulAie 4eS9ir 4a4 nk 4e0008 SaSGil Sh 228 25910 2628 
1944 608i. 5S4591F Sa 516 S44 Sa36M Su29) SHS SOO 49470 40220 3a57- Za2Di 2eSOat 2428 
23- 6u09:) GA0Ols 5452) Sa4Si® Sask Sa3Oil4 Su l6h SeOOW 42431 4023), 3858. 30230 3800} 2°28 
27 6210'— 6:01)! S54#53.--Se45)> Sa38ie 530 Se 17) S°OR) 4 4410 424) 3459) 3024) 3201) 2°30 
July i} 6209i- G2OL!- S453)" Sa45iP S238 Se3Mh SLT S02 4245" 4.25) 4600)) 3426) 38030 2°32 
Si GaO8iF 6 OBIS SA52 SA45i" SA38 0 So 3ST SALT SAOBIe 45461" 452570 4.021) Sa28ie 3206) 2886 
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ASTRONOMICAL TWILIGHT, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 


BEGINNING OF MORNING ASTRONOMICAL TWILIGHT 
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— indicates Sun continuously above horizon. 


// // indicates continuous twilight. 
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ASTRONOMICAL TWILIGHT, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING ASTRONOMICAL TWILIGHT 
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ASTRONOMICAL TWILIGHT, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING ASTRONOMICAL TWILIGHT 
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A43 


Ad4 ASTRONOMICAL TWILIGHT, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING ASTRONOMICAL TWILIGHT 


so 


Lat. | —SS°)}—S0 ) 4° |) 4 | 35° | 30 2 Hl |) S| HO) A | | HE 
} h mj) b mj b mj bh m b mm b mm b mb ob ob eb a) b Bb a) be 

Oct. 1} 3 18} 3 38) 3 52) 4.03) 4 12} 4 18) 4 28) 4 4) 4 38) 4 39) 4 38) 4H 4 A 
5S} 3 Q5) 3 27) 3.43] 3 56) 4.05) 4 13) 4 24) 4 32) 4 36) 4 39) 439) 43) FH) AD 
9} 2 51} 3 16) 3 35} 3 48} 3 59) 4 08) 4 21) 4 29) 435) 4 38) 4 4 3B) 457, 
13) 2 37) 3 06) 3 26) 3 41) 3.53) 4 Q2) 413) 427) 4 MESS) 443) 24 DW AS 

17} 2.22) 255} 3 17) 3 34] 3 47| 3 57] 4 13) 424) 4 32) 4 38) 4 22) 4 43) 4 43) 2 @ 

21) 2 07} 2 43) 3 08) 3 26) 3 41) 3 52) 4 10) 422) 4 31) 4 38) 4 43) 4 46) 4 46) 4% 
25) 1 SQ} 2 32) 2 39} 3 19) 3 35} 3 47) 406) 4 WD) 43D) 4S) 4 4) 4p 4 AD 
29} 1 31) 2.20) 2 SD} 3 12} 3 2) 3 43) 4G) 4 18) 4 3) 4) 4 4G) 25) AB As 
Nov. 2} 1 10) 2 08) 2 42) 3 06] 3 24) 3 38) 400) 417) 49) 48) 447) 43) FB 2B 
6} 0 44) 1 56) 2 33) 2:59) 3 19) 3 34) 358) 415) 429) 4 4) 456) 4B) SB 

10} 1 43) 2 25) 253) 3 14) 3 30) 3 55) 4 14) 428) 440) 4D) 49) 5G) 50 

14) 1 30) 2.27] 2 47) 3) 3 27) 3 53) 4 13) 4 2B) 4 48 4S) FOR FH 5 

18 1 16) 2 @) 241) 305) 3M) SD 4 4B 4) 45H SHB 5M 

22 1 QL) 2 QU) 2 36) 3 Q@} 3.2) 3 SO) 4 12) 4 2D) 4 SB) 4 Se) FOF 3 SB 
26 Q 45) 1 SS) 2 32] 2 39) 3 19) 3 DD} 4 WB) 4 4 4S) 4 SS OS 1Q) 5 16 5 2 
30 } @ 24) 1 49) 2 29) 2 56) 3 19) 3 49) 4 LD 4 3) 446, SOB SH 5s 
Dec +4 yee t 44) 2 26) 2 38) 3 16) 3 49) 4 13) 4 32) 4 48) SS) 5 16) 5 Bl Sa 
NS ¥ 39). 2 24) 2 53) 3 16) 3 49) 4 14) 4 33) 4 DW) SG 5 18) 33 SB 

12 i 37): 2 23): 2 33), 3 16). 3 SO) 4 5) 42S) 4 VETO SW SB IDS 

16 L 35) 2 23) 2 SM) 3 12) 3 Sh) 4 HF). 42357), < BY ITS_ SB SW SR 
20) 1 36) 2 24} 2 SS) 3 18). 3 SS) 4 18) 4 3) 4 56) 3 2 33) SS! 

a E38) 2 26h 2 37) 3 3 SS) 4 WM) 44) 43) 5B) 357 SHS) 2 
28 E42) 2 2), 3 OD). 3 23) 3.32) 423) 445) 30) SI) SB SIM SSE 

32 f). & 46) 2 32) 3 OS) 3 26) 4 OD) 43) 4 45) 5 Ol 5S 17) 5 3 337) 534 
36) 2 33). 237) 3.07) 3 3) 4 BG) 4-27) 247) FBS IP 5S BWSR SS 

END OF EVENING ASTRONOMICAL TWILIGHT 

bh mp & m hk mj bh h m kh = bh mw bh mw Rk a) bh wm bh mw) & mw) 2 mb mw 

Oct. 1/20 24; 20 QS) 19 49/19 37/19 29) 19 22) 19 12) 19 O05) 19 @) 19 OO) 19 Qi) 19 @/ 19 @) 19. 
5/20 35) 20 21) 19 55/19 42) 19 32) 19 25) 19 13) 19 05) 19 OF 18 SS) 18 SS PG Pe 

9/ 20 46/ 20 20) 20 O1) 19 47) 19 36) 19 28) 19 25) 19 QS) 19 OO) IS SG 1S 3) 18 SSN) 18 57/19 WD 

13} 20 38/20 29) 20 OS) 19 33/19 40) 19 31/19 16) 19 OG) 1S 59) 13 MIS DW) IW SB DBS 
17} 22 22) 2 38/2 15) 19 58) 19 45) 29 34) 19 18) 19 OF) 1S SB| 18 53/18 49) 18 47 18 47) 1S 48 
21) 22 26) 20 48) 20 23/20 O4/ 19 49) 19 38/19 2D) 19 OF) 1S SS) 1S 5h) 1S 46) 18 43/18 BBS 
25) 21 42/20 39/20 32/20 10) 19 34) 19 42) 19 22) 19 OS) IS SB) IS SO) 1S 44) 18 DW VS 
29| 22 QO) 21 10/20 39/20 16) 19 39/19 45) 19 25) 19 OB) 18 38) 18 49-4 42) 18 36/18 MIS 3S 
Now. 2/22 22/28 22) 20 47/20 23/20 04/19 5O) 19 27) 19 LEAS 58) 18 48) 18 49/18 35/18 N18 VB 
6/22 52] 2b 34) 20 56/20 30/20 10) 19 S48) 19 30) 19 12) 18 SPS 48) 18 D/ IS 3) WW Wr 3 

10 2E 48) 28 OS) 20 36/20 15) 19 3B) 19 33/19 14) FS 99/18 48P 18 37) 18 2/18 3) 18 2 
i+ 22-Q2) 21 14/20 43) 2D 2) 20 OG) 19 36) 19 16) 9 QD) 1S 43) 18 37) IS 27) 1S 23) 18 18 
18 22 18/21 23) 20 SO) W 2/2 OF) 19 39/219 BS) FS QA) LS 4B) 18 XS) 1S) IF 21) 18 16 
22 22 35) 2 32).2D- 37) 32/20 12) 19 42) 19 2) 19 OS) 18 4) 18 XS) 1S D178 19/18 4 
26) f) 22 $8) 2d 42) 20 OS) 2 37/2 16) 19 45) 19 23) 19 OS) IT WD) 1 NS) IS BM 1F 1B GB 

3 23 ZL) 22 3O)21 10) W 42) W BW) 19 43) 19 25) WS OG) IS Sk) 1S 37) 18 BW 1S 13/18 2 
Dec. 4) 24 38) 22 15) 2 46) 2D 2/19 Sd) 19 BW) 19 OB) 1S SQ) FS 3B) 18 3/18 18) 138 
8 22 OS) 22 22) 20 34) 20 28/19 MB) 19 D) 19 IO MD WDB BL 

12) 22 12) 22 25) 2D 4) W Fh) 19 S7) 19:32) 19 BD) IS 3S) 18 WIS 3/18 19/182 |B 
16 22 16) 21 2) W 38/2 S/W OO) 19 FH) LD BM) AS 37/28 42) 1S BHpIS 2) is 13 
20) 22 MW) 24 32) 22 OD) 20 37) Q) 19 37) 19 16) 1S BD) 1S 44) 18 3) 18 2/18 15 
2a} 22 2h) ZI 33) 21 Q2) 2D 38/2 OF) 19 39/19 1S) 19 OL) FS 46518 32) 1S 28/58 17 
28) 22 24) 21 3) 21 OS) 2 40) 2D 05) 19 4D) 19 W) 19 O) 18 48) 18 34)18 27/18 WD 
32! 22 20) 21 34) 21 08) DW 2) W O7) 19 42) 19 2) 19 5) 18 W) 1k 36) 18 is§ 2 
36) / 22 86) 23 33) 22 OS) 2 41) W O7| 19 43) 19 24) 19 OF) 18 53/18 39) 18 32) 18 3 


indicates contmuous twilight. 


ASTRONOMICAL TWILIGHT, 1998 A45 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING ASTRONOMICAL TWILIGHT 


Lat. +40° | +42° | +44° | +46° | +48° | +50° | +52° | +54° | +56° | +58° | +60° | +62° | +64° | +66° 

h mj h m| bh mi & mj h m/] h mj) b mich m/i bh m| h m/) h m) bh mi b m) b m 

Oct wi 4°26) 4.24 4.21 4 18 4 15 4 Adie 4 OF 4 02) 2 Sh 3°50)! 2 43) 3-34, 3 24) 3. 

5| 4 30} 4 28] 4 26) 4 24) 4 21] 4 18) 4 14) 4 10) 4 06) 4 00] 3 54} 3 46) 3 37] 3 27 

9) 4 34) 4 33) 4 31) 4-29). 4 27) 4 24)) 4 21) 4 18). 4 14) 4 10) 4 04) 3 58) 3 51) 3 42 

13| 4 38] 4 37] 4 36] 4 34) 4 33] 4 31] 4 28] 4 26) 4 23] 4 19] 4 15] 4 09| 4 03) 3 56 

WN 4042 44d 4e4ay 4e40) 4538 4937 4135) 4133, 4e3t 4928) 4924), 4020) Aes. 4 09 

21| 4 46| 4 46] 4 45| 4 45] 4 44) 4 43] 4 42] 4 40) 4 39] 4 36| 4 34| 4 31] 4 27) 4 22 

25| 4 50] 4 50} 4 50] 4 50] 4 50| 4 49| 4 48] 4 48) 4 46] 4 45] 4 43) 4 41] 4 38) 4 35 

29| 4 54| 4 55| 4 55] 4 55] 4 55| 4 55| 4 55) 4 55| 4 54] 4 53) 4 52] 4 51) 4 49| 4 47 

Nov. 2] 4 58} 4 59} 5 00} 5 00} 5 Ol} 5 O1] 5 01} 5 O01} 5 O1] 5 O01] 5 OL] 5 00} 4 59] 4 58 

Gi S102 SEOB 5104) SrOSit, 5106) 5407) S207) SEB), 5:09), SrO9). 5109) 5S) 10) 5709). 5 09 

LON SLOG: SLOT) SLOONY SELON Seu, 5419)! Sia SPS, SPLO SEL SyaSih Sei8is SEO S 20 

TA SelOl, SEIDW SEIN SE15)) 5216). SiS, SE20N) Spotl; 5223), 5724), 5126) Se2T, 5p29)\— 5) 30 

Lis SUl4s SEIGis SediSis SE20 St2Is 5823), SE2S) St2Tib 5929). SEI) SI 33 OFSOIN DOT |: SD 40 

DON SEIS. SE20 SE224), 5224) S126), S129) S131) SP33. SIS Sih SESE O40) 5843) SE46) 5 49 

DENSE e2y SE24l) ©2260 SE29) le O231) S984 SES6ln OES Oe 4h Seas onda) SSSR RSs S-Di 

ZO Se25i) So28i), 5830) 56331 5835i), Se38i) S241!) Healy 5847 550i) 505315 Se57i) OcOl, 6 05 

Deco 4) 5229) Si3iile 5) 34) 5037) 5840 Se 48i) 5°46) 549i) Se52i, Se 55), 5059)|, 6703), 6007.6 12 

Bie 5E32 Sessile SESS Se 40h Se43ilp Sh46i Se 50) SESS Sh 571) GOO. Gr O4i- Gr 08), 6013) 6 18 

1D SESS le SES Sie E41 5e44 Se4 7s SeSOls Se 58) Se STs GLO 6004). 6c09) OelSis 651856 24 

16 S38) Se4d. Se44i 5e47i) 56505 5053) S857), 6200). 6204), GO8i) 6512) 6117) 6622) 6 28 

20 5 40) 5 43 5 461-5 49)| 5°52) 5 S56 5859). 6203), GeO7! 611) 6915) 6e20)) 6525) 6 31 

DAW SAD S45) 548) wo San 5 544) S SSI! 16100156 105)) 6:09) 6913) 16 17h) OR Div GE27i) 633 

28| 5 43] 5 46| 5 49] 5 53! 5 56] 5 59| 6 02] 6 06] 6 10] 6 14] 6 18] 6 23) 6 28) 6 33 

32| 5 45] 5 47] 5 50! 5 53! 5 56] 6 00] 6 03] 6 06] 6 10] 6 14] 6 18] 6 23) 6 28] 6 33 

26, 5 45) 6 49) 5 Si 5S S45 Srl 6 OO 6 O38 6 06) 610) 613) 6 17) 622i, 6 26) 6 Sil 
END OF EVENING ASTRONOMICAL TWILIGHT 

h m| h m| bh m| bh m/ bh m| bh m| bh m/ b m/ hb mb m| b m| bh m| b m| hb m 

Oct. 1/19 13]19 15/19 17/19 20/19 23/19 27/19 31]19 36/19 41] 19 47/19 54] 20 03) 20 13) 20 26 

5119 06/19 08119 10) 19 12/19 15]19 18}19 21|19 25] 19 30) 19 35}19 41/19 48] 19 57) 20 07 

9119 00/19 01/19 03/19 05) 19 07/19 09} 19 12}19 15]19 19}19 23])19 28/19 34)19 42|19 50 

13/18 54118 55/18 56/18 57/18 59/19 01/19 03/19 06|19 09/19 12)19 16/19 21)19 27] 19 34 

17118 48118 49118 49118 50/18 51/18 53/18 55|18 56|18 59/19 02)19 05} 19 09) 19 14} 19 19 


21118 43/18 43/18 43|18 44/18 44/18 45/18 46/18 48] 18 49) 18 52}18 54/18 57) 19 01) 19 05 
25118 38/18 37/18 37|18 37/18 38|18 38|18 39/18 40) 18 41) 18 42/18 44/18 46] 18 48) 18 52 
29| 18 33/18 321/18 32/18 32/18 32/18 32]18 32/18 32}18 32/18 33) 18 34/18 35/18 37) 18 39 
Nov. 2/18 29/18 28/18 27|18 26/18 26/18 25/18 25|18 25/18 25/18 25)18 25/18 26) 18 26) 18 27 
6118 25|18 24/18 22|18 22]18 21)18 20/18 19}18 18) 18 18)18 17/18 17) 18 17) 18 16) 18 17 


10/18 21/18 20/18 18/18 17/18 16/18 15/18 13)18 12/18 11/18 10/18 09} 18 08) 18 07/18 07 
14/18 18/18 17/18 15/18 13]18 12/18 10/18 0918 07/18 05/18 04] 18 02) 18 01) 17 59/17 58 
18118 161/18 14/18 12]18 10}18 08}18 06|18 04/18 02|18 00/17 58|17 56) 17 54)17 52) 17 49 
22118 14/18 12/18 10|18 08/18 05|18 03}18 01}17 59|17 56}17 54/17 51} 17 48) 17 45) 17 42 
26| 18 13/18 10|18 08]18 05/18 03/18 01] 17 58)17 55|17 53|17 50) 17 47|17 43] 17 40) 17 36 


30/18 12/18 09}18 07/18 04}18 01/17 59117 56}17 53]17 50|17 47/17 43)17 40) 17 36) 17 31 
Dec. 4/18 11/18 09/18 06/18 03/18 00}17 57)17 54] 17 51) 17 48]17 44) 17 41] 17 37)17 32/17 28 
8118 12118 09/18 06/18 03/18 00/17 57/17 54/17 50) 17 47|17 43} 17 39) 17 35) 17 30) 17 25 
12/18 12/18 09/18 06/18 0318 00}17 57|17 54]17 50|17 47] 17 43) 17 38}17 34) 17 29) 17 23 
16|18 13/18 10/18 07/18 04|18 01]17 58)17 54]17 51] 17 47] 17 43) 17 39/17 34) 17 29) 17 23 


20/18 15/18 12/18 09/18 06] 18 03/17 59|17 56/17 52}17 48/17 44] 17 40) 17 35/17 30) 17 24 
24/18 17/18 14/18 11/18 08] 18 05}18 01/17 58}17 54}17 51) 17 46) 17 42) 17 37/17 32)17 26 
98/18 20/18 17/18 14/18 11]18 07/18 04] 18 01|17 57|17 53]17 49/17 45/17 40) 17 35) 17 30 
32/18 22118 19/18 17/18 14/18 10}18 07|18 04/18 01}17 57) 17 53)17 49] 17 44/17 40) 17 34 
36118 25/18 23/18 20/18 17/18 14/18 11|18 08]18 05}18 01) 17 57) 17 54] 17 49/17 45) 17 40 


A46 MOONRISE AND MOONSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 


CHS Oe Whe e28 
5| 8 34 
9 34) 9 40) 9 45 
10 54} 10 56) 10 57 


BRWNr SO 
oo 
an 
BSS 
co 
N 
Nn 


5)12 14/12 11]12 08 
Gil SH33i13. 2511 S19 
7\14 50/14 38] 14 28 
8} 16 05/15 49/15 36 
9|17 16} 16 57/16 42 


10} 18 20) 17 59)17 42 
11) 19 14} 18 53) 18 37 
12} 20 00] 19 40/19 25 
13| 20 37) 20 20) 20 07 
14) 21 08) 20 54) 20 43 


US2033/212321 15 
16| 21 56) 21 49|21 44 
17} 22 16)22 14) 22 11 
18 22° 36| 22° 37/22) 38 
19} 22 56|23 01) 23 04 


20] 23 17} 23 26)23 32 


23| 0 09! 0 25| 0 37 
24| 0 44/ 1 02/ 1 16 


Jan. 


#33 
8 41 
9550 
10 58 


12 06 
isms 
14 20 
15 26 
16 29 


1729 
18 23 
19912 
19 56 
20 34 


21 08 
21 40 
22 10 
22 38 
23 08 


23 38 


42 


1 
1 


11055 
12 45 
1SE35 
14 28 


8 14 
nl 
10 07 
11 03 


10 12 


11 04" 


11%5> 
12 47 
13y39) 
14 32 
1527 


16 21 
175 
18 08 
18 58 
19 47 


20 33 
PRAY 
22 00 
22 42 
23 24 


i). 3}5) 
OF 
10 17 
11 05 


14553 
12 42 
1331 
14 22 
15 14 


16 07 
17 O1 
17 54 
18 47 
1937 


20 26 
Stele 
21 58 
22 43 
23 28 


8 46 
9535 
10 22 
1A OF 


Lie St 
12 36 
13922 
14 10 
15 00 


15°52 
16 46 
i7 40 
18 34 
19 26 


20 18 
21 07 
21 56 
22 44 
28652 


.. Indicates phenomenon will occur the next day. 


8 59 
9 44 
10 27 
11 08 


11 49 
12629) 
1312 
13757 
14 44 


15935 
16 29 
17 24 
18 19 
19 14 


20 09 
21 02 
21 54 
22 45 
23 36 


13 24 


AAIDAL 
SEH Wha 


ANaANN 


Lat. 


Jan. 


442° 


h m 
8 34 
9 18 
9 59 
10 36 
ie Ht 


11 45 
12 20 
Lee 
13VSih 
14 20 


15 09 
16 02 
16 58 
119 Sa] 
18 56 


eS) 
20 53 
21 50 
22 47 
23 43 


0 40 
1 38 


MOONRISE AND MOONSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 


+50° 


+48° 


h m 
8 49 
9 31 
10 08 
10 41 
Te: 


11 43 
12 14 
12 47 
13) 23 
14 05 


14 52 
15 44 


h 
8 
9 
10 


m 
56 
36 
12 


+54° 


h m 
9 10 
9 48 
10 20 
10 48 
11 14 


in gy) 
12 06 
12 34 
13 06 
13 44 


14 29 
Se 
16 19 
GES Pap 
18 28 


19 34 
20 40 


spoked 


+60° 


h m 
9 38 
10 10 
10 36 


110 58 


1b aly 


11 36 
Ihe ays) 
12, 
12 43 
ISP lis 


By Sil 
14 48 
15 48 
16 55 
18 06 


19 18 
20 30 


+62° 


h m 
9 51 
10 20 
10 43 
HON 
1118 


11 34 
LIF oil 
12 10 
12°33 
13 03 


13 42 
14 33 
15 34 
16 43 
7 St 


19 11 
20 25 
PN 338) 
Pie Sy) 


0 04 
1 18 
jo 39) 
3 45 
ASST 


A47 


Jan. 


ONDA ANF OC: 
NAUNCO DAWN 
NR WwW N~ AD CO AOOr: 


\© co 
NWN 
co 4 


9 56 
10 23 
10 50 


11 18 
11 47 
12 20 
L2E ST 
13" 39 


h 
18 
19 
21 
Aye 
23 


BRWNO: 


11 
11 
12 
12 
13 


m 


33 


S) Ala 
9 42 
10 04 
10725 
10 45 


11 06 
11 30 
11 56 
Pei 
13 06 


hp 
9 45 
10 06 
10 25 
10 44 


11 03 
23 
11 50 
12 20 
py) 


6 14 
(hal 
8 04 
8 42 
lal 


9n35 
9 54 
10 10 
10 26 
10 41 


10 56 
11 14 
P1535 
12 01 
12935 


.. indicates phenomenon will occur the next day. 


A48 MOONRISE AND MOONSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 


2/22 2U)22 29/22 35) 22 41.22 45:22 S022 57},.23 03.23 0923 15123 21/23 2823 3223 37 
322 49) 23023 11123 1923 26-23 3323 4323 53 “mee 

4/23 21) 23 37) 23 50 0 02] 0 0 20} 0 31; 0 37} 04 

S25 O97 an ira 0 O1; O 10} O 18) 0 31) 0 43} O 55; 1 06} 1 18] 1 32] 1 40) 1 49 
6 0 18) 0 33} 0 46) 0 56) 1 05; 1 21) 1 35} 1 48) 2 2 USI 2 31 2 40) 2 Si 
TO 44h TOS F 20 FSa £46, PS6i 2 Ts 2 28 2 4d) 2 Sel 3 10 3 Qar S37 3-49 
8) 1 36) 1 57) 2 13} 2 27) 2 38) 2 48] 3 05} 3 20] 3 34) 3 48) 4 03) 4 20] 4 30] 4 42 
9} 2 34) 2 54) 3 09) 3 22} 3 33) 3.42) 3 59| 4 13] 4 26) 4 39] 4 53] 5 09} 5 18] 5 29 
10} 3 37) 3 54) 4 08} 4 19] 4 29} 4 37) 4 51) 5 04) 5 16] S 27} 5 40} 5 54] 6 02] 6 11 
11] 4 43) 4 57) 5 08} 5 17} 5 25} 5 32) 5 44) 5 54| 6 04] 6 13] 6 23) 6-35] 6 42) 6 49 
12} 5 49} 6 00) 6 08) 6 15} 6 20] 6 26] 6 34} 6 42) 6 49) 6 57) 7 04) 7 13] 7 18] 7 23 
U3|F GFS6i) 70D TAO! TAD TUS TELS TIQ4 7 E29 7 033)8 2 OS8ie 1443 7 e487 ESTE 7 55 
14) 8 02} 8 04| 8 06} 8 08) 8 09) 8 11} 8 13} 8 15) 8 16) 8 18} 8 20] 8 22] 8 23] 8 25 
15} 9 07} 9 06) 9 05) 9 04) 9 03} 9 02} 9 OL} 9 00} 8 59) 8 58) 8 56] 8 55) 8 54) 8 54 
16/10 12/10 07|10 03) 9 59] 9 56} 9 54) 9 49) 9 45) 9 41] 9 37] 9 33] 9 28] 9 26) 9 23 


.. indicates phenomenon will occur the next day. 


MOONRISE AND MOONSET, 1998 A49 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 


MOONRISE 


re) °o fe} ° fo} (eo) fo} fe} ° fe} \e} fe} ° fe} 
Lat. 40° | +42° | +44° | +46° | +48° | +50° | +52° | +54° | +56° | +58° | +60° | +62° | +64° | +66 


h mj] h m| bh m| bh m| bh m| bh m/ bh mj bh m!| bh m| bh mh m| hb mi bh ml hm 


Jan. 23) 2 33) 2 37| 2 41} 2 46) 2 51] 2 56] 3.02] 3.09] 3 16] 3 25| 3 34] 3.45] 3 58] 4 14 


24) 3.30) 3°36) 3°41) 3:46) 3°52) 3°59) 4:06) 4°13 49221 4°32) 444i arsz 5013/2 5 33 
25) 4 29| 4 34) 4 40| 4 45] 4 52] 4 59] 5°06] 5 15] 5 25] 5 36] 5 48] 6 03| 6 21] 6 44 
26) 5 25| 5 30) 5 36} 5 42) 5 48) 5 55] 6 03] 6 12] 6 21) 6 32] 6 45| 7.00] 7 18] 7 41 
27| 6 18) 6 23) 6 28] 6 33| 6 39) 6 46] 6°53) 7°01] 7.10) 7 20) 7 32! 7 46) 8 02) 8 22 


7| 3 49} 3 54) 3 59] 4 05] 4 11} 4 18] 4 26) 4 34) 4 44) 4 55] 5 07] 5 22) 5 40) 6 02 
SIP AVA eAuAd PASO AN SS) 004) Se lili), 5.19) 55271) 5-36) Se47]) 600i) 6.14) 6x31) 6 53 
9! 5 29) 5 34] 5 39] 5 44} 5 50) 5 56] 6 03) 6 11] 6 20} 6 30} 6 41} 6 54} 7 10} 7 29 
10] 6 11] 6 15] 6 20} 6 25] 6 30) 6 35| 6 41] 6 48) 6 55} 7 04) 7 13) 7 24) 7 37) 7 52 
HN 649), GeS2ih 62561), 27001) 7 041) 708i) 7 138i) 7 197 25) 7 Si) 67 39k We 47) Tea) 8 09 
12M) 7 23-9 Dow 7 Osi 731i) 7°34) 7 BSil 7 All 7-45) 7 49) 7 54) 7 59) 8 06) 8 13) 8 21 
13| 7 55| 7 56] 7 58] 8 00} 8 02] 8 04) 8 06] 8 08) 8 11} 8 14) 8 17) 8 21} 8 25) 8 30 
14] 8 25} 8 25) 8 26] 8 26] 8 27] 8 28] 8 29) 8 30} 8 31} 8 32} 8 33] 8 34) 8 36] 8 38 
15| 8 54] 8 53] 8 53} 8 52] 8 52] 8 51] 8 51} 8 50} 8 50} 8 49) 8 48) 8 47| 8 46; 8 45 
161) © 231) 9) Dail 9) 20) 918i) 9) 17), 915) 913) 9 |) 909 9) OG! 9 0B)! 9) 00!) 8 S57} 18 52 


.. indicates phenomenon will occur the next day. 


A50 MOONRISE AND MOONSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 


4. be bE Pee eaalh 0. On Tone Orsi 
21 “s 0. OS!) © 16)) 0; 25) O42) O SG OOF 1, 22) Ty 3A We SB) Ze OB, 29 14 
22 0 0.41) 0 54) 1 06} 4 16) 1 33) 1 48) 2.02) 2 16) 2 31) 2 48) 2 58) 3 09 
23 W001 G20) de 379i) 1 SON 2 ON), 2 11) 2.28), 2 43) 2, 56); 8: 10 8) 25) 35421 B 521) 4,08 
24| 2 07} 2 2 40] 2 52} 3 02) 3 11] 3 27) 3 40] 3 53] 4 05] 4 19) 4 34) 4 43) 4 53 
25) 3 22) 3)'37) 3 49) 3:59) 4:08) 4 15) 4:28) 4 39) 4 50) 5:00) 5:12) 5:24) 5:32) 5 40 
26) 4°43) 47541) 5,.08)|, S110) S216) St2ii SP30) 5239) S47 Si54] 6103 6h 12") GE 17) 6; 23 
27| 6 08| 6 14} 6 18) 6 22] 6 26] 6 29| 6 34) 6 39) 6 43) 6 48) 6 52| 6 57} 7 00} 7 04 
28|\ 7) 338i) 7) 34) 7135) 7:35) 7) 36) 7-361 7137) J) 38) 7.391) 740) 7740), Te 4h 742) 7.43 
Mar. 1] 8 58] 8 54; 8 51] 8 48] 8 46] 8 43) 8 40} 8 37] 8 34| 8 31) 8 28] 8 25) 8 23) 8 21 


23 32423-53) « al < al fal s. of 0.10) 0.24) 0 38) 0.52) 4 06 


0 0 1 Let Zal) Ly ST 4 Si 2a 00 Dy Lane 27 2039 
04 1 1 DOD 223i Qe36i)) Paoli) SaOT SalG! 3.27 
O2 i) QetSi" 2, 28)) 2032!) 247i 8. OO 8) 13S 25eSE 38) Bessie ae Olle 4a Ii 
01 3 3 3 50} 4 00) 4 11) 4 22] 4 34) 4 41) 4 50 

0) 4 4 30| 4 38] 4 46) 4 54) 5 03] 5 13 18| 5 24 


.. Indicates phenomenon will occur the next day. 


442° 


h m 
21 33 
22 130 
DEO DG) 


0 24 


MOONRISE AND MOONSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 


+52° 


+44° 


h m 
21 134 
D2432 
23 30 


0 28 


1 26 
2 24 
3 20 
4 13 
5 03 


5 48 
6 29 
7 07 
7 43 
8 19 


8 55 
933 
10 14 
10 59 
11 48 


12 41 
NaS! 
14 35 
15935 
16 32 


+48° 


h m 
21 36 
22 36 
23 36 


0 37 


oO 


h 
21 
22 
3) 


NFO: 


3 
3 
4 
5 


m 
38 
39 
40 


42 


10 


5 40 


h 
21 
22 
23 


Nr CO: 


m 
39 
42 
44 


47 


22 57 
0 14 
1 25 
2 29 
324 
a 
4 49 
5 22 
5 49 


+56° 


h m 
21 42 
22 48 
23 54 


1 00 
2 05 
307 
4 06 


4 58 
5 42 


6 20 
6 52 
120 
7 46 
8 11 


8 37 
9 06 
) 
10 18 
11 04 


1D Sy 
12 56 
13752 
ilsy (05) 
16 11 


+58° 


h m 
21 44 
22952; 
23 59 


107 
214 
3 18 
417 


5 08 
S552 


6 27 
6 57 
Tp 3} 
7 46 
8 09 


8 33 
9 00 
ait 
10 08 
10 53 


11 46 
12 46 
13 50 
14 58 
16 07 


.. indicates phenomenon will occur the next day. 


AS1 


AS2 MOONRISE AND MOONSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 


DOV2L SGN22 W622 S222) 4522 STS WGN2S, QBi2S: S323) 52 0 04 
2A 4623) O23 2323 37123 48/123 38 0 06} O 21| O 38] O 48] 0 59 
2223) 46h 5 ei ST tea Sah © Tih O SOik O44 O SSik sik LT SOik PAGE 1 52 
23 0) 06:9 0 29 0} 34) © 45 O S54) BLOW 4 25) 2 SS i Sw) D OSE 2) 22 3 2 42 
DAN Or Sony Me P2Gdk 2k We STE dh 4G pdt SA) Dt OO 2 Die 2 Bie 2 Asie De STi Sisley BQO), 3 29 
25 2 12 2 QSi 2 35i) 2 44iy 2 S22 S58 |) 3) OM Bt 190 3 29iF Br 381 3-48) 3 59, 4 O06) 4 13 
26) 3 33) 3) 42) 3 49) 3 SS) 4 00) 4 04) 4 12) 4 18) 4:25) 4 31) 4.37) 4 45| 4:49) 4 54 
2A A’ SOS: O24 S' OSWP SHOU SHOW SMB SUS SLSiin SZ S23= 526) S229i8 S est 5S 84 
288 O QS Gi24 wt 61226 O21) 6 Qh 6 201s 6 195 6 TESS 6 ALZb 6 P1Gin 6 WIS 6 4 6 118) 6: 12 
DUS TAS PASI TN4O 6 FBS AF Be P28 DIQQN TUT TF MBIS THOSis 7 1O3ih GISSie 6551) 6 Sil 
ZO 9 WEI 9 OS 8 Oil 8 1488 42:68 36 8 i261) 8 Am 8 WO 8 OQ 7 S38 7 44 ie 7 B89 7 32 
31)10 37/10 21)10 09) 9°59!| 9 SO| 9 42} 9 29) 9 17| 9 06} 8 56) 8 44) 8 31] 8 24) 8 15 
Apr. 1/11 52})11 32/11 17/11 05)10 55/10 45/10 30)10 16}10 03} 9 50) 9 37] 9 21) 9 12] 9 02 
2) 12 57/12 36/12 20)12 06) 11 55/11 45) 11 28/11 13/10 59) 10 45/10 30)10 13/10 03] 9 52 
MOONSET 
bi mi) bt mil bi mi bi mi) bi mi bh mi bi mi bh mi) b mi) bf mi) bt mi bom) bi mi) b m 
Mar. s9llp 1 29  Agah. 2: OD Bi), Qa 2 32 2 4h 3 COW 3 IB St Wie 3B SSN BS SS 4 OR Apda 
10) 2 33i) 249)" 3 Olyle St LOK) 3) L91f 3! 26) 3-395 3 SOW 4°00) 4 LIne 4 22 4 340 4 ail 4 50 
Wy 3! 39). 3) SA 4 OOS 4 ONS 4 L464 QO" 4 30 4 38ie 4 4Op. 4 Shins OSie S 13 Ste S 24 
TDW 4 AS SB 4! SOile St Odie St ODN: 5 USih SeeVONy SIDS) SABI SHBG S422 S 40s S525 56 
IBiE 5S) SIE S) SUP SASS GLO UGHOZIS GOS GLOSi 6 tis OTA le Gal Te GLLGi 623% 6 sin 6, 27 
14) 6 57| 6 57} 6 57| 6 57| 6 56] 6 56] 6 56| 6 56] 6 56] 6 56| 6 56) 6 56| 6 56] 6 56 
PSY SHOD TSS 7 ISS 7 SQ FSO Piast aa TAY TSS ASG Faas 7 oe 7 ae 7 25 
LGN 9 O78 S98 53)! 8 48> 8143) 8 139): 8 133)" 8 27) 8 2Lls 8 116i Satin 8 0319 7 S59 7 55 
17/10 12/10 00} 9 51) 9 44) 9 37} 9 31| 9 22) 9 13} 9 05} 8 57) 8 48] 8 38] 8 331 8 26 
18] 11 16/11 01/10 49]}10 40] 10 31)10 24/10 11]10 00} 9 SO} 9 39] 9 28] 9 16} 9 09] 9 00 
19) 12 19/12 01/11 47)11 35) 11 26/11 17})11 02]10 49/10 37/10 24/10 11} 9 57] 9 48] 9 38 
20)13 19) 12 59)12 44/12 31)12 20)12 10/11 54])11 39/11 26/11 12/10 58) 10 41/10 32/10 21 


21) 14 15)13 54/13 38) 13 24/13 13) 13 03) 12 46/12 31) 12 17/12 03) 11 48) 11 30)11 20/11 09 
22|}15 05) 14 45/14 29) 14 16) 14 05} 13 55] 13 38/13 23)13 10/12 56] 12 41)12 24)12 14/12 03 
23} 15 48] 15 30/15 16) 15 04) 14 54] 14 45) 14 30/14 17] 14 04/13 52]13 38] 13 22/13 13] 13 03 


24/16 25)16 11) 15 59} 15 50) 15 41) 15 34) 15 21/15 10) 14 59/14 49) 14 37] 14 24/14 17/14 08 
25) 16 58] 16 47) 16 39/16 32) 16 26] 16 21) 16 11/16 03)15 55]15 47)15 39)15 29)15 24) 15 17 
26/17 27) 17 21)17 16/17 12)17 09) 17 06)17 00} 16 56/16 51|16 47/16 42/16 36/16 33] 16 29 
27)17 54) 17 53}17 52)17 51/17 50} 17 50) 17 49/17 48) 17 47|17 46)17 45)17 44/17 43/17 43 
28) 18 20) 18 24) 18 27/18 30) 18 32/18 34) 18 37} 18 40} 18 43/18 46)18 49/18 52/18 54/18 56 


29/18 48) 18 57) 19 04) 19 10/19 15)19 19) 19 27) 19 33) 19 40] 19 46] 19 53/20 00/20 05/20 10 
30} 19 19) 19 32) 19 43/19 52) 19 59) 20 06] 20 17|20 27|)20 37| 20 46| 20 56/21 08/21 14/21 22 
31) 19 55) 20 12} 20 25) 20 37)20 46) 20 54) 21 09] 21 22|)21 33/21 45/21 58|22 12|22 21/22 31 
Apr. 1) 20 37)20 57) 21 12/21 25)21 36/21 46|22 02)22 16/22 30)22 43|22 58|23 14/23 24/23 35 
2) 21 26) 21 47) 22 03) 22 17/22 28)22 39)22 56) 23 11|23 25|23 39|23 54 


.. Indicates phenomenon will occur the next day. 


MOONRISE AND MOONSET, 1998 x58 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 


Lat. | +40° | +42° | +44° | +46° | +48° | +50° | +52° | +54° | 456° | +58° | +60° +62° | +64° | +66° 
itn hin Saks wae el ie a cS i ee ES ee ee eee eee 


h mj bh m}| h m| bh m| bh m| bh m| bh mi bh mi ho ml h m h m| h m/ h mj hm 
Mar. 9] 14 43] 14 39/14 35] 14 30/14 25/14 19] 14 13 14 06] 13 59} 13 50/13 41/13 29/13 16] 13 00 
10} 15 40} 15 37} 15 33/15 29115 25]15 21/15 16115 11 15 05} 14 58) 14 50/14 42/14 31/14 19 
11} 16 37} 16 35}16 32/16 29)16 26/16 23/16 20] 16 16) 16 11) 16 07/16 01) 15 55|15 48/15 40 
L2LF BEAT QT IT 29 DHT S17 O87 Ou 17 18)17 15) 17 12/17 0917 04/17 00 
13/18 30/18 29/18 29118 28)18 28]18 27/18 26118 26/18 25]}18 24/18 23/18 22/18 21])18 19 


14] 19 25) 19 26] 19 26] 19 27] 19 28] 19 28]19 29|19 30] 19 31/19 32/19 33119 35/19 36] 19 38 
15} 20 21/20 23] 20 24/20 26] 20 28) 20 30/20 32] 20 34] 20 37/20 40/20 44] 20 47|20 52] 20 57 
16) 21 17/21 19) 21 22/21 25)21 28/21 31/21 3521 39/21 43/21 48/21 54/22 00/22 07/22 16 
17| 22 13) 22 16] 22 20] 22 24) 22 28)22 32/22 37/22 43|22 49|22 56/23 03/23 12/23 23/23 35 
MSZ 09125 S23 f1'7))23 1221123 1271.23 133123 1301193 146103 Shen ah re tle ee adh « :. 


MO SPP BLIGE ee Argh pt sd ES 01025 On 2310 0 331i |6.0) 53 
20) 0 04} 0 09} 0 14] 0 20 26} 0 32} 0 39) 0 47) 0 56] 1 06; 1 18) 1 31] 1 48] 2 08 
PAN OSI LAO sD NO fe D615 LP (22'lh 1 29))) 1 43Ble 1 45> BySS' 2106-2 18k> 2331 2 52/3 14 
22) 1°52) ST) 202) 2°08) 2°15}, 2.22) 2 30) 2.38) 2:48) 2-59] 3.1L) 3.26) 344] 4 07 
23) 2°42) 2°47) 2°52) 2°57} 3 03). 3 10} 3°17) 3°25}) 3°34) 3:44). 3.56) 4.09) 4.25). 4 45 
24) 3 29} 3 33) 3 38] 3 42] 3 48] 3 53} 3 59] 4 06] 4 14) 4 22] 4 32] 4 43] 4.56] 5 12 
25| 4 13) 4 16} 4 20} 4 23) 4 27) 4 32] 4 36] 4 42] 4 47] 4 54] 5 01] 5 09] 5 19] 5 30 
26| 4 54) 4 56K 4559) 5000 5204) 5107) S10h SUS! SAIC S20 SOG Sesh $37 5.44 
ZU S 34) (534) «5. 361-5 37) 5.38) 5:39 S4Ob Se42k Se44: 545) SrA qh Sc5Or SSD 5 55 
28} 6 12) 6 12| 6 12] 6 11] 6 11] 6 11] 6 10} 6 10] 6 09! 6 09] 6 08] 6 07] 6 07| 6 06 
29| 6 51] 6 50} 6 48] 6 46} 6 45| 6 43] 6 40] 6 38] 6 35] 6 32] 6 29] 6 26] 6 21] 6 17 
30 TF SIF 7291 7 2h 22St-7 20) f IP FIST OS 7 Od 6 S58 6 52) 6 46 6 SB 6 29 
31) 8 15) 8 12} 8 08} 8 04) 7 59| 7 54| 7 48) 7 42] 7 36] 7 28] 7 20] 7 10] 6 59| 6 46 
Apr. 1} 9 02} 8 58} 8 53] 8 48] 8 42] 8 36] 8 29] 8 22] 8 13] 8 04| 7 53) 7 41] 7 26] 7 09 
2| 9 52) 9 47) 9 42) 9 36] 9 30) 9 23) 9 16] 9 07| 8 58] 8 47] 8 35] 8 21] 8 04] 7 43 


h m} h m} h m| bh m| b m| bh m| hb m| bh m/ hb mh m| bh m! bh mi bh ml bm 
Mar. 9} 4 11] 4 15} 4 20} 4 25| 4 30] 4 36] 4 42] 4 49] 4 57] 5 06! 5 16] 5 28] 5 42] 5 58 
10) 4 50} 4 53| 4 57) 5 01] 5 06} 5 10} 5 16] 5 22] 5 28) 5 35] 5 43] 5 53] 6 04] 6 16 
Pes 24 S271) 7580) 533) 9537) S40)" SRA Se49ih S54) S59 GOS Gel 6e20)| 6 29 
12} 5 56} 5 58} 6 00} 6 02} 6 05) 6 07! 6 10] 6 13] 6 16] 6 20] 6 24] 6 28! 6 33] 6 39 
136. 276 281) 6 296 30) 6 3I 6 32) 6 33) 6 35) 686) 6938) 6 40) 6 42) 6 45) 6-47 
14) 6 SG, 6 56) 16 S66 156)" 6756)" 6 S61 6 551) 6 55 6 S51 6 55) CAS) 16 SS) 6 551) 6 55 
LN, 25, 2a TT 23H S22 20 Fat 7 AS 716) A 4s As 7 10). 47-083)! 7 OS!) 7202 
NGL SSN AROS a POU, AAS A746) o/ -AS 7 40 38h a7 Ba 7 Sat 7 D6 QD FW aG:| 37-10 
LT a8 261 28 23 8 QO V8 7 | 8 448 10) 8: 1064) .8 ON 2 SE" 7 SL 744 7 STi 7 29) 7 20 
18; 9 00} 8 57] 8 53} 8 49| 8 44] 8 39] 8 34) 8 28) 8 21] 8 14] 8 06] 7 56] 7 45| 7 32 


.. indicates phenomenon will occur the next day. 


AS4 


Apr. 
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MOONRISE AND MOONSET, 1998 A65 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 


Lat. +40° | +42° | +44° | +46° | +48° | +50° | +52° | +54° | +56° | +58° | +60° | +62° | +64° | +66° 
h m| h m/| h m|-bh m/ bh m| bh m| bh m/| h m/ h mi bh m| bh m| bh mi bh m| hm 

July 24) & 43) & 38) 5S 34 5 29) 5 23! 5 171) 5 11) 5 04) 4 56) 4 471 4 3614-94) 4 10} 3053 
25 6) 43) © 40), 6 36] 632) 6 281) 6 23) 6 18h 6 12) 6 O6I 559) 45 Sih 5 40) 5 31) 5 18 

26ne 248, 14 38, TSS) Gi SQ 29 Ti D5), Fi Dah Te UGK Te TH FOG 6 SOK 6 52 6.43 

27| 8 42} 8 40] 8 39] 8 37} 8 35] 8 33] 8 31] 8 29) 8 26] 8 23] 8 20] 8 16] 8 12] 8 07 

28| 9 39] 9 39; 9 38] 9 38] 9 37] 9 37] 9 36] 9 35] 9 34] 9 33] 9 32] 9 31] 9 30] 9 28 


29| 10 36/10 36/10 37) 10 38}10 38] 10 39/10 40] 10 41|10 42] 10 43] 10 44/10 45}10 47] 10 49 
30} 11 32}11 33) 11 35} 11 37) 11 39] 11 41) 11 43) 11 46) 11 48/11 51} 11 55) 11 59/12 03}12 09 
31/12 28)12 30)12 33}12 36/12 39]}12 42)12 46|12 50] 12 55/13 00}13 06] 13 12/13 20]13 29 
Aug. 1) 13 24/13 27/13 31)13 35/13 39)13 44/13 49|13 55|14 01] 14 08) 14 16|14 25|14 36] 14 49 
2)14 20/14 25) 14 29) 14 34/14 39)14 45/14 52}14 59/15 07/15 15]15 26) 15 38)15 52] 16 09 


MOONSET 


Bon] & mi & pe) mi bh mm) B nal] b mm) b m 
July 24/19 56/20 00} 20 04) 20 08] 20 13) 20 18/20 24) 20 30) 20 37/20 44] 20 53} 21 03) 21 14|21 28 
25|20 33/20 36] 20 39/20 42] 20 46/20 50/20 54} 20 58] 21 04/21 09) 21 16) 21 23/21 31/21 41 
26/21 06/21 08) 21 10)21 12/21 15]21 17/21 20]21 23/21 26|21 30/21 34/21 39) 21 44/21 S1 
QTN2L 13720 138120 39) 20 40) 21 141)21 42) 21 143) 21 4521 146) 21 48-2150) 21 153).21 55) 21 58 
28/22 06/22 06|22 06|22 06|22 06) 22 05/22 05) 22 05|22 05} 22 05) 22 05} 22 05} 22 05) 22 05 


29/22 35/22 33|22 32/22 31|22 30}22 29|22 27)22 26) 22 24) 22 22) 22 20)22 17/22 14/22 11 
30) 23 04] 23 02)23 00) 22 58)22 55|22 53}22 50)22 47) 22 43)}22 39] 22 35/22 30) 22 25) 22 18 
31) 23 35] 23 32/23 29/23 26|23 22|23 18]23 14/23 10|23 04/22 59) 22 52}22 45)22 37) 22 27 


Aug. 1 i .|23 57] 23 52|23 47| 23 42|23 36/23 29) 23 22)23 13) 23 03/22 52) 22 38 
2 OG09)s OLOS OLON ec 23a d9 LIA 23539 23520 Lola 22) 54 
3) 0 47) 0 43} 0 38] O 33) O 27] 0 21} 0 14) 0 07 * Mipneaee| 2omoo zouule2on 19) 
4} 1 30} 1 25] 1 20} 1 14] 1 08] 1 O1) 0 53) 0 45) O 36] O 25) O 13 mle23) 38 
eZee 2 AD LOS 2 COD TESS: SAS ISAO USS TDi UO O25 7) 10) 4-0" 22 
Giles ESKOM es COSpeD eo 2a UM ZeAA Ne? 36) 22-2752" i 206) Si SS SS e i NOC 56 
7| 4 15| 4 10] 4 05| 4 00] 3 54] 3 47/ 3 40) 3 32) 3 24) 3 14} 3 02] 2 48) 2 32) 2 12 
8| 5 20] 5 16] 5 12] 5 08] 5 03] 4 57} 4 52] 4 45) 4 38] 4 30) 4 20) 4 10} 3 57) 3 42 
Gi GOS O25 OF 22106 19) 6 IS 6 IDF 6 O72 6 OZ" 5) STIRS SZ 4516S 37 15. 29) oats 

10) 738i 7 SOR H B40 32) % 30 728k M25 7 23h 20 7 LG 7 12% 7 O80 7 03,) 26 57 
11| 8 48) 8 47| 8 47) 8 46| 8 46] 8 45] 8 44] 8 44) 8 43] 8 42] 8 41] 8 40) 8 39) 8 37 
12} 9 57) 9 58} 9 59/10 00] 10 01/10 02] 10 03/10 05] 10 06} 10 08] 10 09} 10 11) 10 14) 10 17 


16| 14 26/14 31/14 36)14 42] 14 48/14 54/15 02]}15 10}15 19} 15 29}15 41} 15 55) 16 12|16 32 
17/15 26]15 31/15 37/15 43|15 49|15 57/16 04) 16 13/16 23|16 34}/16 47) 17 02)17 21)17 44 


.. indicates phenomenon will occur the next day. 


A66 MOONRISE AND MOONSET, 1998 
UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 


MOONRISE 
Lat. Se" 50° aye 40° | —35° | —30° | —20° | —10° | 0° +10° | +20° | +30° | +35° | +40° 
hm) h m) bh mi & my bh mi fh mi bh mi Bom) b mi) Bb mi fh gi b m) F tn) bom 
‘Aug. 16) 2 42) 2 23)) 208) 1 Se) f 46-1 37) 2 27) 1 08) 05 0 43} 0 30) 0 15] 0 06 

17 8 S50 8 28h 3°19) D S58 2°47) 2 371 2 20D OS BH Si 3a Wl 224 1 OS" 0755 44 

18}| 449 4 Onis 4 IO) 3 56 3 44), 3 34) 3 16), 3 00 2 46), 2 321, 2 tow 1 sO 1 48 1 37 

19) 5 38) 5 174 5 OLi 4 47) 4 36) 4 26) 4 O9F 3 54) 3 40| 8 26) 3 Til) 2 S42 44), 2 33 

20); 6 18) 6 OO S 45h 5 33) S 231 Say 4 59) 4°45) 4 33) 4 201 4 Om 3 st 8 42), 3 32 

21| 6 50) 6 36] 6 24) 6 14] 6 05] 5 58| 5 45! 5 34) 5 23) 5 12] 5 01] 4 48) 4 40) 4 32 

2D Tile FOG" 6E57)" GISOl 6L43i" GI38i) GI28ie 6919) 6111) 603K SIS41" S¥44i" SE3Ry 5S 32 

2B TAL 7133) 728 Zi23) TSH Tits FiOS FIO2 GIST GIST GI45n GI39 6135), 6 31 

24 S102 FUSS FESSIY FUSS TEST ZE49 TT46N" FE4B TAT 7138" Pi36r Zi32i Fist eo 

QS SEQ SF2Q2) Si22, “S¥2Q7 S22 SP23 SZ Si23i S24) Si24i SI25 8i25) 8125)" 8 26 


26) 22 05)21 58) 21 53) 21 49) 21 45) 21 42)21 36/21 31)21 27)21 22/21 17/21 12/21 08) 21 05 
27| 23 10) 23 00}22 51} 22 45)22 39/22 34)22 25|22 17|22 10/22 02)21 55|21 46)21 41/21 35 
28 £ 23 50) 23 40] 23 33/23 26)23 14)23 03|22 54/22 44)22 34/22 22/22 15) 22 07 
29 0 01 * as ‘ 23) S123, 39/23 28.23 15/23) O122 53) 22 43 
30 18} 1 O01) 0 47} O 36] O 26) O 18] 0 04 23 43) 23 34/23 23 
31) 2 19} 2 00) 1 44) 1 31) 1 20) 1 11) 0 55] O 40} O 27) 0 14} 0 00 ha 

Sept. 1} 3 17] 2 56] 2 39) 2 26) 2 14) 2 04] 1 46) 1 31) 1 17) 1 03] O 48] O 30] O 20] 0 08 
24 ON) 3 481 3 32H 3 Sik 3 OG 2 s6- 2 390 2 23 2 OOK IT SSE 1 39 £22 F TO) 1 00 
SHE 4 Sib 4 36) 4 20). 4 07)h 3 ST) 3 47 3 SEP 3 1G 3 O3s 2 49)s 2 352 2 Lie 2 OS 1-57 
4; 5 34] 5 18] 5 05) 4 54) 4 44) 4 36) 4 22) 4 09) 3 57] 3 45] 3 33] 3 18} 3 10! 3 00 
SiG 108i 5 DSS SIE S ISG S DSS 230 SUQ Ss 102 4 ISZ 4 4S ashe ae 4 iS 4107 
Gil 6 S76 295-6 2250 6 LO @ 12i) 6 107i 6 ON SSIS 47 SARIS Ba SIT S25 17 
T) BIOS). TOON 6 IS Til -O355 |) 6 Sie 6 IST 6 (475 6 145) 6 142) 6139 6 B61 G33 6 SLi) 6 28 
SH 2S ET Ole 7 SIRE TiS 2) TSS Risse C34 PISS ISG. iS Me eS ees Pell 7 41 
9) 7 54; 8 00} 8 05} 8 09) 8 13) 8 16] 8 22] 8 26) 8 31] 8 36] 8 40) 8 46] 8 49] 8 53 


.. Indicates phenomenon will occur the next day. 
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.. indicates phenomenon will occur the next day. 
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A68 MOONRISE AND MOONSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 


+30° | +35° 


13) © 43) 1 22) 1 06) 0 33 © 42" 0 327 0 15) OOO) 2 78 BL. 2B 23 55:23 45.23 33 
14} 2 45) 2 23} 2 06) 1 52} 1 40} 1 30) 1 12} O 57) 0 42] O 28) 0 12 - 

15), 3 36] 3 151) 2 59) 2 45\ 2 33) 2 23) 2 06) 1 SLL # 36) # 22) 1 OF) O 50) O 40), O 28 
16] 4 19] 4 00) 3 44) 3 32) 3 21) 3 12) 2 56) 2 42) 2 29) 2 16) 2 02) 1 46) 1 36) 1 26 
17| 4 53) 4 37| 4 24) 4 14] 4 04} 3 56) 3 43) 3 31) 3 19] 3 08} 2 56] 2 42) 2 34) 2 25 
18] 5 21) 5 09} 4 59) 4 50] 4 43) 4 37) 4 26] 4 16) 4 07) 3 58} 3 49) 3 37) 3 31) 3 24 
19} 5 45) 5 37} 5 30) 5 24] 5 19} 5 14] 5 06} 5 00) 4 53) 4 47} 4 40) 4 32| 4 28) 4 22 
20 GEOG) GOD) 5158) STSS|h SESD me S=49|: SI4S | PSI4T | SBT) Si3 4 S13 OS 26) (5123), 85 20 
20) GF26K T6IQS i) Gt 25) GE24, 269231) 6123 16122) GI2T) OL2L i G20 Gt ION 61S) 61S 6 17 
22| 6 46| 6 48) 6 51] 6 53) 6 54) 6 56} 6 59| 7 O1| 7 03} 7 05) 7 08| 7 10} 7 12) 7 14 
23 TOS 7112) TALT |) T2226 F229, TiS RAE Ti4Gh FISD) WISE 84021) SrO6 13 10 
24| 7 27) 7 37) 7 45) 7 52] 7 58] 8.04) 8 13) 8 21] 8 29) 8 36) 8 45) 8 54) 8 59) 9 06 
25) 7151) 81051) 8116} 8125). 81331-18140} 18152) 9 103) 9' 13) 9123) 9134) 9°46) 9°53) 10 OF 
26; 8 19} 8 36} 8 50} 9 OL) 9 10} 9 19| 9 33) 9 46] 9 58/10 10) 10 23)10 38) 10 47) 10 57 
27| 8 53) 9 13) 9 28) 9 41} 9 52)10 01] 10 18}10 32] 10 45] 10 59)11 14} 11 30)11 40/11 Si 


MOONSET 
h om) bm) Hm) EH m)-h m/) fh-m EF mi! bk mn} FH mi H pm) H mi & ml Hm!) b m 
Septs 78) F291 7130 7132 72320 Zi3B T1338 7834 PISS) F386 ( 7 37 TSS WSO 740i Hes 
9| 7 54} 8 00; 8 05; 8 09) 8 13] 8 16} 8 22] 8 26) 8&8 31] 8 36] 8 40} 8 46) 8 49| 8 53 
10; 8 22] 8 33) 8 41|) 8 48) 8 55] 9 00} 9 10} 9 18] 9 26] 9 34} 9 42] 9 52) 9 57/10 04 
11} 8 53} 9 08) 9 20) 9 30} 9 39! 9 46} 9 59|10 11/10 22/10 32]}10 44) 10 57/11 05] 11 13 
12| 9 30) 9 49]10 04]10 16!10 26] 10 35])10 51) 11 05/11 17/11 30}11 44/12 00/12 09] 12 19 


13} 10 14)10 35)10 52}11 O05) 11 17) 11 27) 11 44) 11 59) 12 13)12 27)12 42]13 00/13 10/13 21 
14} 11 06) 11 28} 11 45} 11 59} 12 10) 12 21] 12 38] 12 54) 13 08| 13 23) 13 38]13 56/14 06/14 18 
15} 12 05) 12 25} 12 42}12 55} 13 06} 13 16} 13 33] 13 48] 14 02| 14 16|14 30] 14 47) 14 57/15 08 
16/13 09} 13 27/13 42/13 54) 14 04) 14 13/14 28) 14 41/14 53] 15 06) 15 19}15 34|15 42/15 52 
17/14 16) 14 31) 14 43/14 53])15 01)15 09/15 21)15 32]15 43/15 53] 16 04/16 16] 16 23/16 31 


18} 15 25)15 36/15 45} 15 52]15 58] 16 04/16 13) 16 22|16 30] 16 37) 16 46/16 55|17 00/17 06 
19/16 33) 16 40) 16 46/16 50} 16 54) 16 58}17 04)17 10]17 15}17 20)17 25)17 31])17 34/17 38 
20/17 40) 17 43) 17 46/17 48)17 50) 17 51/17 54) 17 56}17 58} 18 00] 18 03} 18 05)18 07] 18 08 
21) 18 47) 18 46/18 45/18 45) 18 44/18 44) 18 43/18 42}18 41] 18 40) 18 39/18 39/18 38)18 37 
22/19 53)19 48/19 44/19 41) 19 38}19 36] 19 31) 19 27/19 24) 19 20)19 16)19 12/19 09] 19 06 


0 32} 20 27)20 19] 20 13) 20 06} 20 00/19 53/19 45/19 41] 19 36 
1 25}21 19} 21 08) 20 59} 20 50} 20 41) 20 31] 20 21) 20 14] 20 07 
2 19) 22 11) 21 57) 21 46/21 34) 21 23)21 12)20 58) 20 50) 20 41 
o SF 3 12)23 03})22 47/22 34/22 21/22 08)21 54)21 39}21 29)21 19 
2%, © 09), 5 eS RR Pa L238 S23 S823) 2328: O9N22 S522 40122 230d 22) Ol 


46| 0 30| 017/ 005]. .| . «| . ..[23 59123 44/23 29123 11123 01/22 49 
0 50! @ 36 0 21k 0.04) are] 6 78 
56| 1 43} 1 30) 1 17| 101) 0 51| 0 41 
47| 2 37| 2 26| 2 14) 20 14 
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.. Indicates phenomenon will occur the next day. 
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.. indicates phenomenon will occur the next day. 


A70 


Oct. 


Ant BRWD 


= 
owU OND 
ONDA 


16} 14 
17/15 
18| 16 
19} 17 
20} 18 


PNA) 
22] 21 
23} 22 


24 
31 
38 
44 
50 


2p) 
00 
02 


AbD HRW 
WwW 
Oo 


NANDA 
Ww 
~) 


MOONRISE AND MOONSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 


NN 
Wn 
nn 
Own 
NN 
Wh 
AL 
An 
NN 
Wh 
WW 
wore 


Ab HRW WNrFO: 
i) .~ 
\o + 
ApH WW 
No 
— 
a 
tO 
lon 


ONDAN 
Nn 
i=) 
OoNNDN 
S 
So 
~ 
i=) 
\©o 


6 6 02| 6 04 
6 6 41| 6 46 
7 14) 7 23) 7 31 
7 8 09} 8 19 
8 8 58} 9 10 


9 38] 9 52)10 04 
10 35) 10 49) 11 O1 
11 35) 11 48) 11 58 
12 36|12 47] 12 56 
13 38] 13 46} 13 53 


14 39} 14 44) 14 49 
15 39} 15 42)15 44 
16 38) 16 39] 16 39 
WEST LESS SSS 
18 36)18 31)18 26 


19 34) 19 27)19 20 
20 32) 20 22/20 14 
21 30) 21 18} 21 07 


NY OO: 
n 
aS 


nA BWW 
N 
Ww 


WO morn DA 
aN 
\o 


nAnPPwWY 
NR 
i 


ilepsy2) 
16 54 
17 49 


18 45 
19 42 
20 40 
21 38 
22 35 


23) 32 


an bwWh Ne oO 
al — 
\o ~ 


wOooonnan 
Nn 
nN 


Mow w 


Ooowna 
TSCA a aOR 


COOnWRDOB 


MWh WNre DS 
me NN bY Ww 


6 18 
7 18 
8 19 
9°20 
10 19 


1 aly) 
12412 
13 03 
LSES2 
14 37 


LETS 
16 00 
16 40 
GPSS 
17 59 


18 39 
1952 
20 05 


OnPPWNr DT 
See 
onnRp IB 


oomonn 
WwwWwnNnNdhd 
hwWwWonre 


1 


Lt33 
12527 
USA 
14 03 
14 46 


15 26 
16 03 
16 40 
17 16 
Liao 


LSS3t 
19 10 
19852 


.. Indicates phenomenon will occur the next day. 
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.. indicates phenomenon will occur the next day. 


A72 MOONRISE AND MOONSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 


HY mt) Jat far} ob) coat) sh? cit) hi mat!) dh) mat!) cht iat} Vt mai] hh ety) a a}! at) oat! gm!" Ph a 
Oct) 24 6152)) 7 At F426)? AI39 |) 7149) 7 i595 8 WSe=8 229) 8 1421) 8155) 9 109) 9126199135 |) 9N46 
25| 7 30) 7 51} 8 08] 8 21] 8 33] 8 43) 9 00} 9 16] 9 30) 9 44/10 00/10 17}16 27) 10 39 
26| 8 16} 8 38] 8 55} 9 09} 9 21] 9 31] 9 49/10 05/10 19] 10 34]}10 50/11 08/11 18/11 30 
27| 9 10] 9 32] 9 48/10 02/10 13/10 23/10 41/10 56/11 10) 11 24/11 39])11 56|}12 07/12 18 
28/10 13}10 32]10 47/10 59} 11 10/11 19} 11 35}11 48/12 01412 1412 28D SAS £52))13 203 


29/11 23) 11 39} 11 51/12 01)12 10/12 18]12 31])12 42}12 53) 13 04] 13 15}13 28/13 36] 13 44 
30} 12 39; 12 50) 12 59] 13 07/13 13]13 19/13 29) 13 37)13 45} 13 53) 14 02) 14 11] 14 17/14 23 
31} 13 59} 14 06] 14 11) 14 15}14 19} 14 22] 14 28) 14 33/14 38] 14 43) 14 48/14 53| 14 57/15 01 
Nov. 1/15 22)15 24)15 25/15 26} 15 27|15 28) 15 29)15 30}15 31) 15 33)15 34}15 35}15 36) 15 37 
2| 16 48] 16 45/16 42) 16 39/16 37) 16 35| 16 32/16 29] 16 26| 16 24/16 21])16 18) 16 16|/16 14 
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.. Indicates phenomenon will occur the next day. 


MOONRISE AND MOONSET, 1998 A73 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 


Lat. | +40° | +42° | +44° | +46° | +48° | +50° | +52° | +54° | +56° | +58°] +60° | +62° | +64° | +66° 
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.. indicates phenomenon will occur the next day. 


A74 MOONRISE AND MOONSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 
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.. Indicates phenomenon will occur the next day. 
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MOONRISE AND MOONSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 
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.. indicates phenomenon will occur the next day. 
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MOONRISE AND MOONSET, 1998 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 
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.. Indicates phenomenon will occur the next day. 


MOONRISE AND MOONSET, 1998 A77 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
MOONRISE 
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.. indicates phenomenon will occur the next day. 


A78 E@MPSESA199s 


There are five eclipses, two of the Sun and three of the Moon. 


I February 26 Total eclipse of the Sun 

Il March 13 Penumbral eclipse of the Moon 
Ill August 8 Penumbral eclipse of the Moon 
IV August 21—22 Annular eclipse of the Sun 

V September 6 Penumbral eclipse of the Moon 


Standard corrections of +05 and —0°25 have been applied to the longitude and latitude of 
the Moon, respectively, to help correct for the difference between the center of figure and the 
center of mass. 

All time arguments are given provisionally in Universal Time, using A7(A) = +64°. Once 
an updated value of AT is known, the data on these pages may be expressed in Universal Time 
as follows: 

e Define 67 = AT—A7(A), in units of seconds of time. 

e Change the times of circumstances given in preliminary Universal Time by subtracting 
oT. 

e Correct the tabulated longitudes, A(A), according to the formula 
X= (A) + 0.00417807 ST, where the longitudes have units of degrees. 

e Leave all other quantities unchanged. 

e The correction for 57 is included in the Besselian elements. 

Longitude is positive to the east, and negative to the west. 


1.—Total Eclipse of the Sun, February 26. 


CIRCUMSTANCES OF THE ECLIPSE 


UT of geocentric conjunction in right ascension, February 26° 17" 35™ 345841 
Julian Date = 2450871.2330421414 


UT Longitude Latitude 

d h m ° D ° / 
Eclipse begins February 26 1450.4 —13027.8 — 713.5 
Beginning of southern limit of umbra 26 1547.3 —14401.8 — 246.6 
Beginning of center line; central eclipse begins 26° Nie 7-57 = 143) 59 9 2. 26 
Beginning of northern limit of umbra 20P 815476" 4— 143 SSal ee eS 6 
Central eclipse at local apparent noon 2G B19935.0% == 180A Oper Soles 
End of northern limit of umbra ZO SOOT Reet 05 40 0) 1 Gas 
End of center line; central eclipse ends 26 1909.2 — 1902.4 +2950.8 
End of southern limit of umbra 20° “LOSS — 1859S) 4-29) 2522 
Eclipse ends Ons DOG A eee 322) ete 0) | 


BCLIPSES1 1998 A79 


I.—Total Eclipse of the Sun, February 26 (continued). 


BESSELIAN ELEMENTS 


Let t =(UT-15") + 87/3600, in units of hours. 


These equations are valid over the range —0'208< t< 5275. Donotuse? outside the given 
range, and do not omit any terms in the series. 


Intersection of axis of shadow with fundamental plane: 
x = —1.43770412 + 0.55434698 t + 0.00006487 #? — 0.00000918 r? 
y = —0.16869048 + 0.16090532 ¢ + 0.00006476 rt? — 0.00000258 £3 
Direction of axis of shadow: 
sin d = —0.15021844 + 0.00026243 t + 0.00000004 ?? 
cos d = 0.98865281 + 0.00003986 t — 0.00000001 
be = 41°77112960 + 15.00312147 t + 0.00000228 rt? — 0.00000004 r° — 0.00417807 8T 
Radius of shadow on fundamental plane: 
penumbra= 0.53923120 — 0.00000120t — 0.00001286 ¢? 
umbra = —0.00711887 — 0.00000122 t — 0.00001278 ¢? 


tanf, = 0.004722 

tanf, = 0.004698 
uw = 0.261854 radians per hour 
dad = +0.000266 radians per hour 


Il.—Penumbral Eclipse of the Moon, March 13; the beginning of the penumbral phase visi- 
ble in North America except Alaska and northwestern Canada, Central America, South America, 
Europe, Africa, western Asia, Greenland, the North polar region, parts of Antarctica (including 
the Palmer Peninsula, part of Marie Byrd Land, and part of Queen Maud Land), the eastern 
South Pacific Ocean, the southeastern North Pacific Ocean, the Atlantic Ocean, and the western 
Indian Ocean; the end visible in extreme eastern Asia, North America, Central America, South 
America, Greenland, the North polar region, parts of Antarctica (the Palmer Peninsula and Marie 
Byrd Land), extreme western Africa, the Iberian Peninsula, western France, the British isles, the 
eastern half of the Pacific Ocean, the North Atlantic Ocean, and the western South Atlantic Ocean. 


CIRCUMSTANCES OF THE ECLIPSE 


UT of geocentric opposition in right ascension, March 13° 3" 34™ 55°390 
Julian Date = 2450885.6492522028 


d h m 
Moon enters penumbra March 13 214.2 
Middle of eclipse es GEOXO I) UAE 

Moon leaves penumbra i) PB 
Contacts of Penumbra Position Angles The Moon being in the Zenith in 
with Limb of Moon from the North Point Longitude Latitude 
First 156.1 to East — 31 43.7 + 422.4 
Last 120.9 to West — 92 49'5 + 343.5 


Penumbral magnitude of the eclipse: 0.735 
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IIl.—FPenumbral Eclipse of the Moon, August 8; the beginning of the penumbral phase 
visible in eastern North America, Central America, South America, southern Greenland, Africa, 
Europe, extreme western Asia, most of Antarctica, the eastern South Pacific Ocean, the south- 
eastern North Pacific Ocean, the Atlantic Ocean, and the western Indian Ocean; the end visible in 
North America except northern and western Canada and Alaska, Central America, South Amer- 
ica, southern Greenland, Africa except the extreme east, most of Europe, most of Antarctica, the 
eastern South Pacific Ocean, the southeastern North Pacific Ocean, and the Atlantic Ocean. 


CIRCUMSTANCES OF THE ECLIPSE 


UT of geocentric opposition in right ascension, August 8° 2" 58™ 065526 
Julian Date = 2451033.6236866480 


d h m 
Moon enters penumbra August 8 1 31.8 
Middle of eclipse aman 27 Sosa Ml Wil 
Moon leaves penumbra Sy allt 
Contacts of Penumbra Position Angles The Moon being in the Zenith in 
with Limb of Moon from the North Point Longitude Latitude 
First 150.0 to East Paley ox ~1454.4 
Last 173.3 to West = 4755.8 —1441.5 


Penumbral magnitude of the eclipse: 0.146 
IV.—Annular Eclipse of the Sun, August 21-22. 


CIRCUMSTANCES OF THE ECLIPSE 


UT of geocentric conjunction in right ascension, August 22° 2" 14" 008340 
Julian Date = 2451047.5930594937 


UT Longitude Latitude 

d h m 6 , 5 , 
Eclipse begins August 21 2310.2 +10211.7 + 446.2 
Beginning of northern limit of umbra Ze FOS AS “+ 865581) = 0:02:0 
Beginning of center line; central eclipse begins 22, OSG, + 87/003) — 014220 
Beginning of southern limit of umbra 22, ‘OHSS Fe O53 1822k0 
Central eclipse at local apparent noon 22MIN +147e152) = 4.002 
End of southern limit of umbra 225 SOW) = tS5NsLOF  — 30108 
End of center line; central eclipse ends 22 356.5 —-15511.0 -—2927.1 
End of northern limit of umbra 225% ADO te a loosely —=2 84651 


Eclipse ends 228 020" — 170,06:9)  —24' 00:9 
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IV.—Annular Eclipse of the Sun, August 21-22 (continued). 


BESSELIAN ELEMENTS 


Let t = (UT-23") + 87/3600, in units of hours. For times on 22 August, add 24" to the 
UT before computing t¢. 


These equations are valid over the range 0°125 < t< 6'200. Donotuset outside the given 
range, and do not omit any terms in the series. 


Intersection of axis of shadow with fundamental plane: 
x = —1.63869070 + 0.50676794 t + 0.00002920 t? — 0.00000628 r° 
y 0.15408477 — 0.13200488 t — 0.00006608 1? + 0.00000157 #7 


Direction of axis of shadow: 


sind = 0.20677617 — 0.00023257 t — 0.00000006 ?? 
cos d=  0.97838826 + 0.00004918 t — 0.00000002 r? 
lb = 164923238112 + 15.00383820 rt + 0.00000161 tr? — 0.00000001 #2 — 0.00417807 dT 


Radius of shadow on fundamental plane: 
penumbra= = 0.55770378 + 0.00016957 t — 0.00001043 tr? 
umbra= 0.01126189 + 0.00016868 t — 0.00001036 ?? 


tanf, = 0.004623 

tanf, = 0.004600 
uw = 0.261867 radians per hour 
d’ = —0.000238 radians per hour 


V.—Penumbral Eclipse of the Moon, September 6; the beginning of the penumbral phase 
visible in North America except the extreme east, Central America, South America except the 
extreme east, Australia except the extreme west, New Zealand, most of Antarctica, extreme 
eastern Asia, most of the Pacific Ocean, and the extreme western Atlantic Ocean; the end visible 
in western North America, Australia, New Zealand, the eastern half of Asia, most of Antarctica, 
the Pacific Ocean except the extreme eastern South Pacific Ocean, and the eastern half of the 
Indian Ocean. 


CIRCUMSTANCES OF THE ECLIPSE 


UT of geocentric opposition in right ascension, September 6° 10" 34™ 25607 
Julian Date = 2451062.9405741552 


d h m 
Moon enters penumbra September 6 9 14.2 
Middle of eclipse Ce TON wie 
Moon leaves penumbra Ope o0GH 
Contacts of Penumbra Position Angles The Moon being in the Zenith in 
with Limb of Moon from the North Point Longitude Latitude 
First 27.9 to East —139 40.5 — 750.4 
Last 62.1 to West +164 28.1 = Ost! 


Penumbral magnitude of the eclipse: 0.837 
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ECLIPSES, 1998 A83 
PATH OF CENTRAL PHASE: TOTAL SOLAR ECLIPSE OF FEBRUARY 26 


For limits, see Circumstances of the Eclipse 


Latitude of: Universal Time at: On Central Line 
Longitude Northern Central Southern Northern Central Southern Maximum Sun’s 
Limit Line Limit Limit Line Limit Duration Alt. Az. 
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PATH OF CENTRAL PHASE: TOTAL SOLAR ECLIPSE OF FEBRUARY 26 
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Universal Time at: On Central Line 
Southern Northern Central Southern Maximum Sun’s 

Limit Limit Line Limit |_ Duration Alt. Az. 
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Latitude of: Universal Time at: On Central Line 
Northen Central Southern Northern Central Southern Maximum Sun’s 

Limit Line Limit Limit Line Limit Duration Alt. Az. 

° , ° , ° , h m Ss h om s h m s m Ss ° ° 
+2480" +25 15.9) +-24°43:0) | 19102 19:3) 19.02 20/0) 19°02 1975 2135 25 249 
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For limits, see Circumstances of the Eclipse 
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EGLIPSES; 11998 
PATH OF CENTRAL PHASE: ANNULAR SOLAR ECLIPSE OF AUGUST 21-22 


For limits, see Circumstances of the Eclipse 


A87 


Latitude of: 


Southern Northern 


Universal Time at: 


On Central Line 


Longitude Northern Central Central Southern Maximum Sun’s 
Limit Line Limit Limit Line Limit Duration Alt. Az. 
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+111 00) + 341.0! + 307.7 + 234.2 | 02856.7 029108 029°25.3 DESK Ase TS 
+11200|)+ 3454 + 3124 + 239.2 |03014.3 03028.7 030 43.6 TMI Ay TRS 
+11300}+ 3492 + 3165 + 243.7] 031362 03151.1 032064 A Melt SQ Gs 
+11400|}+ 352.5 + 320.1 + 247.5 |03302.6 03318.0 033 33.8 DELS» Bike Tks 
+11500}+ 355.1 + 323.0 + 250.8 | 034 33.6 03449.5 035 05.8 Py SA BBY IS 
+11600}+ 357.2 + 3253 + 253.4|03609.4 03625.9 0 36 42.7 D Sais) BY IRS 
+11700}+ 358.5 + 3269 + 255.3 |03750.0 03807.1 038 24.5 DESDE eBoy es 
+11800|}+ 359.2 + 327.9 + 256.5 | 03935.7 03953.4 04011.5 DRS SL KS 
+11900}+ 359.1 + 328.1 + 256.9|)041264 041448 04203.6 DRE eID Ths: 
+12000|}+ 358.2 + 327.5 + 256.6|04322.4 043416 04401.1 DNA AO. WA 
+12100|}+ 3566 + 326.1 + 255.5|045 23.8 04543.8 04604.1 256.3 4, 
+122 00 | + 354.1 + 323.9 + 253.5 | 047307 04751.6 048 12.8 DL ayihy GlBe TG 
+123 00|}+ 350.8 + 320.8 + 250.7|/04943.3 05005.0 05027.2 DOS 44g i 
+12400|}4+ 3466 + 3168 + 2469|05201.6 052244 05247.5 250.5 On LO 
ee OOM as 4 ede alles) ee 4 0154525,9 8 054496 n 05501358 Pee) CM IK 
+126 00) + 335.2 + 305.8 + 2363 )05656.1 05721.0 057 46.2 300.2 49 75 
Ee TROONe 3 28.0) to 8.8 2, 29)5 1705913250 1059 58.55 00249 OO sib 5) 
POSTON ese M Ome Onlin Ole el LOD ao Ame IO S509.9 SONG. Se 7 
OOO Nese Osi 4 lose. OS 04 lime O5942-On OG, O04 SOS) bye 7/8} 
ZOO || 5 DSO? 2 DSO) 2s WOR OSS) WOR WF IOs Se)s) OWS) aero WE 
CO Se BABI se DAO Sb iSO billOyle? ilalilesOey ill AO: SWS), aye 7/22 
SD Osten Sone te O68 137.9) 4095) 144-9 SS. 14-8 3042) 59.70 
ie] FOO) || ee DBO de TV SDAE Sh ADRES abel DARI AGN SRR) wa Tis eis) 304.8 60 69 
aS Annet Osten eSOlOmeLOS-4 (Ol 2045.28 ot 2120.6 sla o3 S058 O22 Or 
185 OO eae 4 => 12010) = OST S524 1216) 1244914" 1 25:26:6 SHR os GS 
FBS OWOn ee les O Meee teen Olea OSG Sn lnle2i4 O20 28/245 le29103.2 306.3 65 63 
“WOO | 1IOA & OAR 1 so WIG || Sil Wares 1 SYA Os Se il Sac se i 306.7 67 61 
ZS OO le 0493) 210209) = O06) 135102 1355274 1360340 307.1 68 58 
+13900/+ 026.8 -— 001.6 — 030.2] 13902.0 139446 14027.6 Bias GS Sy! 
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EGLIPSHS 71993 
PATH OF CENTRAL PHASE: ANNULAR SOLAR ECLIPSE OF AUGUST 21-22 


Latitude of: Universal Time at: | On Central Line 

Longitude Northem Central Southern Northen Central Southern Maximum Sun’s 
| Limit Line Limit Limit Line Limit Duration Alt. Az. 
° / ° , ° , ° , h om Ss hy Ss h om s m Ss ° ° 
+14000}+ 002.9 - 025.7 -— 054.3] 14258.0 14341.9 144 26.3 0 iim dike 3 
+14100}- 0225 - 051.1 — 119.9} 14658.5 14743.8 148 29.4 3.07.9 | 72-45 
+14200|}- 049.2 -— 118.0 - 146.9] 15103.2 15149.6 152 36.4 3108.05) 78 eo, 
+14300}- 117.33 - 146.2 -— 215.2)15511.4 15558.% 156 46.8 BR O8ii4 JA weao2 
+14400]- 146.7 - 215.8 -— 244.9] 15922.4 200109 20059.7 S088) 74 25 
+14500}- 217.3 - 2466 - 315.9] 203 35.6 204249 205 14.5 3:08.01 fd eile!) 
+14600}- 249.1 - 318.6 -— 348.1 | 20750.1 20840.1 209 30.3 307-97 fee lO 
+14700}- 322.00 -— 351.6 — 421.4] 21205.1 212556 213 46.3 SOT Te! 2 
+148 00 }- 355.9 — 425.7 -— 455.7 | 21619.9 21710.7 2.1801.7 3 07-5", fA go> 
+14900}- 4306 -— 500.6 — 530.9 | 22033.5 221244 222 15.4 Si07-2 | a3 3348 
+15000}- 506.1 — 536.3 -— 606.8 | 22445.0 22535.8 22626.8 306.9 72 342 
+15100}- 542.2 -— 612.7 -— 643.4] 22853.8 229443 230349 3,065 170.857 
+15200/}- 6188 - 649.5 — 7204 | 232589 233489 234 39.0 306.1 * 69.333 
+153 00}- 655.7 -— 726.7 — 757.9 | 23659.6 23749.0 238 38.4 3.05.7 1 Of 4329 
+15400}- 733.0 —- 804.2 -— 835.6|24055.4 241440 242 32.5 3105241 66.5526 
+15500}- 810.3 - 841.8 — 9134) 24445.6 245 33.2 246 20.7 304.7 64 323 
+15600|}- 847.7 -—- 919.4 —.951.3]}24829.7 249 16.1 25002.5 3104.3"+.63%,320 
felt / 400) |= 925.0) pn 9909) LODO A 2 52.07 32 S22.) G28 ik6 20318) Gly Sls 
+158 00 | —1002.1 -—1034.3 -1106.7 | 255 38.1 25621.9 25705.6 5.03.25) 3) iG 
+159 00} -1039.0 -—1111.4 -1144.0)25901.8 259442 300264 302 PS Le sid 
+160 00} -11 15.5 -11 48.1 -12 20.9 | 302 18.3 30259.2 303 39.7 O22 S05 513 
+161 00}-1151.6 -12245 -1257.5|305 27.4 30606.7 306 45.6 3. OU TSA el] 
+162 00 | —12 27.3 -—1300.3 -—13 33.6 | 308 29.1 30906.7 309 44.0 3 O12 5250) 
+163 00 | -13 02.4 -1335.7 -1409.2/}31123.4 311594 312 35.0 3:00.79 Sie 309 
+164 00} -—1337.0 -1410.5 -14442)314104 314447 315 18.5 300.2 49 308 
+165 00} -1411.0 -—1444.7 -15 18.6) 3 1650.1 31722.7 31754.7 29.7 WA S307 
+166 00 | -1444.3 -1518.3 -1552.4|)31922.7 31953.5 320 23.9 259.2 46 306 
+16700}-15 17.1 -—1551.2 -—1625.6|321484 322174 32246.0 258:7 44. 305 
+168 00} -15 49.2 -1623.5 -1658.1 | 3 2407.2 324345 32501.3 258.2 43.304 
+169 00 | —1620.6 --1655.2 -1730.0 | 32619.3 32645.0 327 10.1 278 4) 303 
+170 00 | -1651.4 -1726.2 -1801.2 | 3 2825.1 328490 32912.4 2.373: | 40), 303 
+171 00 | -17 21.5 -17565 -1831.7 | 330246 330469 331 08.6 250.97) Boia 02 
+172 00 | -1750.9 -—1826.2 -1901.6 |) 332 18.0 3 3238.7 332 58.8 2 S614 F 37 pO! 
+173 00 | -18 19.7 -—1855.1 -1930.8 | 334056 334247 33443.2 230.0535 peo! 
+174 00 | -1847.8 -1923.5 -1959.4 | 335476 33605.1 3 3622.0 255.6 34 300 
fe SOOM LOT Zee Onolad 207s" Suede) OroAO” esinaos.> 255.2 18s 2299 
+176 00 | -1942.0 ~—2018.2 -—2054.5 | 33855.6 33910.0 33923.9 254.8 31 299 
+177 00 | —2008.2 -—2044.6 -—2121.2|34021.9 340349 34047.2 254.4 30 298 
+178 00 | —2033.8 -2110.4 -—2147.2|34143.4 341549 34205.9 254.0 29 298 
+179 00 | =20°58.7 -—2135.5 -—22 12.5 | 3 4300.2 343104 343 19.9 ZS ape elo 
180 00 | —21 23.0 -—2200.1 -—22 37.3 | 344125 344214 344295 239.3 1126-2296 
—179 00 | —21 46.8 -2224.0 -2301.5/]345 20.6 345281 345349 223.0 25 eeeo 
—178 00 | —2209.9 -—2247.4 -23 25.1 |346245 34630.7 346 36.2 DOO 1 a e295 
—177,00 | —22 32.5 ,-—23 10.2 -—23 48.1 | 347244 34729.4 347 33.7 2 LD eS 
-—176 00 | —2254.5 -2332.5 -2410.6/ 348204 348242 348 27.3 252.072) 294 


EC@LIPSES/21998 
PATH OF CENTRAL PHASE: ANNULAR SOLAR ECLIPSE OF AUGUST 21-22 
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Latitude of: 7 Universal Time at: On Central Line 

Longitude Northern Central Southern Northern Central Southern | Maximum Sun’s 
Limit Line Limit Limit Line Limit Duration Alt. Az. 
° , ° , ° , ° , Rigen s h om Ss h om s m S ° ° 
—175.00 | —23 16.0 ~—2354.2 -—2432.5]34912.8 349155 349174 DSS | A PASE 
—174 00 | —23 36.9 —2415.3 -—2453.9|35001.7 35003.2 35003.9 M53 1) OS 
—173 00 | —2357.4 -—2436.0 —25 14.8 | 35047.1 35047.5 35047.2 DSTOV 18-293 
—172 00 | —24 17.3 -—2456.1 -—25 35.1)35129.3 351286 35127.2 DRS ON ele 292 
—171 00 | —24 36.7 -—25 15.7 -—2555.0| 35208.2 352066 35204.1 250.4 16 292 
—170 00 | —2455.6 -—2534.9 -2614.4]352442 35241.5 352 38.1 250:1 14 291 
—169 00 |} —25 14.0 -—2553.5 -2633.2|35317.2 353135 353091 249.9" 13" 2911 
—168 00 | —25 32.0 -—2611.7 -2651.6|35347.4 35342.8 353 37.5 249.6 12 290 
—167 00 | —25 49.5 -2629.4 -2709.6| 354148 35409.3 35403.1 249.3 11 290 
—166 00 | —2606.5 -—2646.7 —27 27.1 | 354396 35433.3 354 26.2 249.1 10 289 
—165 00 | —26 23.1 -—2703.5 -—2744.1 | 35501.9 354547 354 46.8 2 48.8 9 289 
—164 00 | —26 39.3 —2720.0 ~-2800.8 | 35521.7 35513.9 355 05.1 2 48.5 8 288 
—163 00 | —2655.1 -—2735.9 -—2817.0| 35539.4 355304 355 21.1 2483 7 288 
—162,00 | —27 10.4 —2751.2 —2832.5 | 35554.5 35543.4 3.55 33.6 2 48.1 6 287 
—161 00 | —27 25.0 -—2806.5 -—28 47.7 | 35605.8 355565 355 43.8 2 47.8 Asi 


For limits, see Circumstances of the Eclipse 
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TIME-SCALES AND COORDINATE SYSTEMS, 1998 Bl 


CONTENTS OF SECTION B 
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Days of week, month and year; chronological cycles; religious calendars ... B2 
Time-scales 
Jolansdate. NOlavOm TOL TIMe=SCALES © sii ss sauazs, ysowns ng ecg DCE B4 
Relationships between time-scales... .. Oat B5 
Relationships between universal time, sidereal time, and hour angle Sa ae B6 
Examples of conversions between universal and sidereal times... ... ... ... B7 
Universal and sidereal times—daily ephemeris... ... ... 00. 00. 00. cee eee B8 
Reduction of celestial coordinates 
Purpose and arrangement; notation and units ... .. Oy See eee B16 
Approximate reduction for proper motion and annual parallax ea ere B16 
Approximate reduction for annual aberration and light-deflection... ... ... Big 
Classical icone lon tot Didnetaty abcllaulonl we... sos sates races 4 un aet B17 
ReaGucuon LOf Piecessiou— fipoOrous fOLMmUlde 9... ss Ges, cee aa ees Gon ee B18 
Reduction for precession—approximate formulae ... ... .. rye. B19 
Approximate reduction for nutation, and for precession and nutation ser B20 
Differential precession, nutation and aberration; astrometric positions... B21 
Formulae and example using day numbers ... ... eae B22 
Nutation, obliquity and Besselian day numbers—daily ephemeris Rie B24 
Second-order day numbers... .. mt LI ace B32 
Planetary reduction; rigorous formulae, “method and example a ee B36 
Solar reduction; rigorous formulae and method . CB RN ae 1 Dia Ae: B39 
Stellar reduction; rigorous formulae, method and example Ti bw Jando B39 
Conversion of stellar position from B1950-0 to J2000-0.. 3.05 ssh B42 
Conversion of stellar position from J2000-0 to B1950-0 . oe ae B43 
Rectangular coordinates and velocity components of the Earth ee ont B44 
Matrix coefficients for reduction of direction cosines—daily ephemeris... B45 
Reduction for polar motion ... ie ae, dak RR ae B60 
Reduction for diurnal parallax and diurnal aberration YR LER O A: Bet in B6él 
Converionmo al muide aia AZUL. “cen pan can ev cos ince omnes et B6l 
Wetrectionnion refradtiond | FS tava ce Cada ae ofan sk eS eae B62 
Pole star table and formulae 
USe-OL ROlAtISHADIG oT iF ker LORS 41}! SG ER, De xs ay B62 
fe) Lada eV Pol (1 601 UI Vel gia te Mirage heh nate 4 dlrs lo NEP AO B63 
EASE Set ie eee a AMR er eR a Wiyar Reoeicte ee Stein tae Rem a eee em B64 
NOTE 


The tables and formulae in this section were revised in 1984 to bring them into 
accordance with the recommendations of the International Astronomical Union at its 
General Assemblies in 1976, 1979 and 1982. They are intended for use with the new 
dynamical time-scales, the new FKS celestial reference system and the new standard 
epoch of J2000-0, and formulae are given for the computation of relativistic effects 
in the reduction from mean to apparent place. Except when the highest precision is 
required it is possible, however, to continue to use the classical methods (e.g. to use 
day numbers), but the catalogue position should be reduced to the FK5 system and to 
the standard equinox of J2000-0 as explained in the Supplement to the Almanac for 
1984, and precession should be applied to give the mean place for the middle of the 
year as the starting point for the reduction from mean to apparent place when day 
numbers are to be used. 


Background information about the new time and coordinate reference systems rec- 
ommended by the IAU and adopted in this almanac, and about the changes in 
the procedures, are given in the Explanatory Supplement to the Astronomical Almanac 
(1992). 


B2 CALENDAR, 1998 
JANUARY FEBRUARY MARCH APRIL MAY JUNE 
Day Day Day Day Day Day Day Day Day Day Day Day Day 
of of of of of of of of of of of of of 
Month Week Year Week Year Week Year Week Year Week Year Week Year 
1 Thu. 1° Sun. 32° Sun. 60— Wed... .91., Pri. 21... Mon: 452 
Wea 2°* "Mon. 33°" Mon! .6l “Thu -92. Sar 12a. ies L55 
3 Sat, Sy ee oa LUC ee Ole en 93 Sun. 123 Wed. 154 
AS Sunt AWE 5a) Wed OSs oat O49 Mone ie4 ins > 
5 =-Mon.- + 5°. *‘Thu.- 36--- Thu? "64? Sane 959 yer 19S Arr 156 
6 ~=Tue. lee 37 __ Fri 65 Mon. 96 Wed. 126 Sat. 157 
7 Wed. T pasate SSmmeodts 66ere Tuearn 97) gclhudol 2 emSunks 158 
8 = Thu. So SUS soo BASUn 67.4. Wedan 98) o-Frinie 128... Mon. 159 
Oe eval 9 Mon. 40 Mon. 68 Thu. 99 Sat. 129 Tue. 160 
10 = Sat. 10 Tue 41 #£x2Tue 69 = erm .1008 Sun 130). Wedeslon 
11 Sun: --11--“Wed. -42. ®Wed?O! 702% Sab 7101 eUMens 151 “OPN? 162 
12 Monot2ivathus 943sseRhul: O7is oSuntenl02) mole orl 32ers s163 
13° Tue eeilisiog Brie 44 “Fri. 72 Mon. 103 Wed. 133 Sat. 164 
14 Wed. 14 = Sat. 45) Sat: Meu Tueh 9104: 6lfhuso184e ssSunneli6s 
15 Thu. 15-.Suns. .46)-Sund,/4v.hWwed 10s beerigisd3ss. ceMonsil66 
16s. Nie aMiKoya Cie ikon 7S) Mah, TM sei defor dhies Key 
1 Sat [je Were ras ne 76 Ei LO Sun. ela SWeaet los 
18 Sun. 18 Wed. 49 Wed. 77° Sat. 108 Mon. 138 Thu. 169 
19. -.-Mon..-19.- -Thots50° Thus? 78) “Saat199'empie, 913990 F re 170 
XY) ate PAO re SM Eri. 79 Mon. 110 Wed. 140 Sat. 171 
21 Wed. . 21 Sat. 52) oat, SO elie Flas! oases LA Leta SILO emily 
22 Uns 22 Ss SUunis Sou SUN. ec leet Ved serie erie 1A Miele > 
23 Fri. DEAN oyT RY BY NY Coy Wim ee wd cm eh Sa ser dite al 
2A Sal: 2A Gao. SLilese Osun unl eee SU eee 4 CCleaner 
25> Suns 925°" (Weds #50) “Weds ct Sato tls sion 14o— = ius 176 
26° . Mon. 26.,-~IThu.. .57...Thu;—85 ..Sun; - 1) 6meiiacsi 146 sabre 7 
If GS, DA Vivian ay ral 86 Mon. 117 «Wed.>d47,~ Sat: . 178 
28 Wed. 28 ~ Sat. 597 Sat: 87 Tue. 118 Thotedl48sinSun. 4.179 
29 Thu. 29 Sun. 88 Wed. 119 Fri. 149 Mon. 180 
30.—~—Ss#Fri.. 30 Mon. 89 Thu. 120 Sat 150\4 Tue ly tsi 
31 Sat. 31 Tue 90 Sun lot 
CHRONOLOGICAL CYCLES AND ERAS 
Dominical Letter apeiiseotd? oid allan Period, (yeamef ord}. sisrag eos 6711 
Epactys a je7-eaee tok hoabasini-siw ved 2 Roman Incdictiones nj. ssi 6 
Golden Number (Lunar Cycle) ... IV Solar Cycle 19 


All dates are given in terms of the Gregorian calendar in which 
1998 January 14 corresponds to 1998 January 1 of the Julian calendar. 


ERA 
BYZANTING. on scale wish man 
Jewish (A.M.)* 
Chinese (Wu-yin) 
Roman (A.U.C.) 
Nabonassar 


YEAR BEGINS 
7507 Sept. 14 
5759 Sept. 20 
(4635)Jan. 28 
2751 Jan. 14 
2747 Apr. 24 


* Year begins at sunset 


ERA 
Japanese eet Oe 
Grecian (Seleucide) 


Indian (Saka) 
Diocletian 


YEAR BEGINS 
2658 Jan. 1 
2310 Sept. 14 

(or Oct. 14) 
1920 Mar. 22 
1715 Sept. 11 
1419 Apr. 27 


CALENDAR, 1998 B3 


JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER 
Day Day Day Day Day Day Day Day Day Day Day Day Day 
of of of of of of of Oligen offi of of of of 


Month Week Year Week Year Week Year Week Year Week Year Week Year 


Wedeis2e "Sat: 01213! 1, TuendQ44o OThuis274s Suar2805 . wTues 335 
Thu. 183 Sun. 214 Wed. 245 Fri. 275 Mon. 306 Wed. 336 
Prvool84a5 Mone 215y ebhure246 1)Sata,27698-20e,. 307  Thu-—337 
Saieelsod Blues dO O47 Sun 7 Wed. 308 = «tis, 338 
Sun. [86.. .Wede 217. Sat,. 248. Mon, 278... 1bu, 309". Sat, 339 


1 
2 
3 
4 
S) 
6 Mon. 187 Thu. 218 Sun. 249 Tue. 279 Fri. 310 Sun. 340 
7 Tue. 188 Fri. 219 Mon. 250 Wed. 280 Sat. 311 Mon. 341 
8S sWediils9) “Satee22004 Tue, 425107) T ho: .281.cSun + 312) tue: 342 
9 Thu. 190 Sun... 221 Wed. 252. Fri. 282: Mon. 313 Wed. 343 
10. rigay 1 Odes Mong7222 5 «khu.s1253 4 Sat., 283..chue.- 314 .Ehu. 344 


11 Sat 192. e223 Erie 254 Suir 84 Wear Oh) PP EtE, 345 
12 8 ‘Surn* *193¥ ~ Wed"224'* “Sat: 255" ‘Mon. 285 flue 316 “Sat. 346 
3 “Mon? 194) )ThuteO25"" Sun’ 256) Ties’! 286 ari 17317 «= Sun. 347 
14 Tue. 195 Fr. 226 Mon. 257 Wed. 287 Sat. 318 Mon. 348 
15 Wed) 196". Sat.¥o 227/75 Tues. 258) ‘Thuts2885) Sun: 319 jah hues 3849 


165 Whe 197 Sun 228 | Wed. 259 Fri, 289. Mon. 320" Wed. 350 
17 Pre sos Won 29 “Thu = 2600 Sats 2290 «= Tue.* 321 Thus 351 
13" Sat. S199 Thue’ S23 00 ME Bolas Sune) 29 laWedss3004" Eriee 352 
19S SSunss200PeWeds 231s eS ats 62) Miron 2924 - airbus a823e> Sat. 71353 
20ee Mony20 ieee ihe 2328) isunse265) oe luesn293 sseFrije! 324 SS Sunanss4 


wie Wes 202. IPE 233. Mon, 204, Wed. 294. Sate 325. Mon: 355 
22 wedi 2203" sat 234. - lier 265" Phuy’293se""Sum 926" Lue. 356 
23. Thu. 204 Sun. 235 Wed. 266 Fri. 296 Mon. 327 Wed. 357 
24560F ri. 42209% 9Mon21236 ) “Thue1267.. 2 Satk\ 42971) Tues 23280 1 Phurs358 
25 y ee Sateel 06: pp lBen 23/00 Eri..2268,.4,9un... 293, ~Weds 329 Ai. Britt 2369 


26 Sun. 207 Wed. 238 Sat. 269 Mon. 299 Thu. 330 Sat. 360 
27: 2c Mon.2208 an bhubh 23900) Sunk (27007 Duets 300}. F re 331M Sunans6l 
OSeCw 00m Pe 4 Olen VON ulmen\ CCeS Olen SO gen ame VLOneE S62, 
eo mane her LO) a OAtan C4 lease LUCA 202) af LOU. 002... SUL. Soa Pues. 563 
30 Thu. 211 Sun. 242 Wed. 273 ‘Fri. 303 Mon. 334 Wed. 364 


31. 3=Fri. 212 Mon. 243 Sat. 304 Thu. 365 
RELIGIOUS CALENDARS 

Epiphany viao.batiiao. sa. vesnJanlxre6 Ascension Day... ve 43 LMayiv21 
Ash wednesday: Pri" ii Se AU Reb 25 Whit Sunday—Pentecost _ i. UMaya31 
Paine Sanday eB eee PO Apres 45 Trinity Sunday reve We-June = 7 
Good friday wenn we ee vie an Apts 10 First Sunday in Advent ae Nov. 29 
Basten ay pe ase nae . Apr. 12 Christmas Day (Friday) ... ... Dece-25 
First Day of Passover (Pesach) Apr. 11 Day of Atonement 
Feast of Weeks (Shavuot) ... May 31 CY OMsISID BUEN gs tore atersr POPE oU 
Jewish New Year (tabular) First day of Tabernacles 

(Rosh Hashanah) ...... ... Sept. 21 (SUCCORTU MEIOVEIN 8. SS Octh 5 
Islamic’ New Yeat— 4.2.25 2-3 Apr. 28 First day of Ramadan .... ... Dec. 20 

(tabular) (tabular) 


The Jewish and Islamic dates above are tabular dates, which begin at sunset on the 
previous evening and end at sunset on the date tabulated. In practice, the dates of Islamic 
fasts and festivals are determined by an actual sighting of the appropriate new moon. 


B4 TIME-SCALES, 1998 


Julian date 


A tabulation of Julian date (JD) at 0" UT against calendar date is given with the 
ephemeris of universal and sidereal times on pages B8—B15. The following relationship 
holds during 1998: 


Julian date = 245 0813-5 + day of year + fraction of day from 0° UT 


where the day of the year for the current year of the Gregorian calendar is given on 
pages B2-B3. The following table gives the Julian dates at day 0 of each month of 
1998: 


0? UT JD oF UT. JD 0? UT JD 

Jan. 0 24508135 May 0 2450933:5 Sept. 0 245 1056:5 
Feb. 0 24508445 June 0 24509645 Oct. 0 245 1086°5 
Mar.0 2450872:5 July 0 24509945 Nov. 0 245 1117:5 
Apr. 0 24509035 Aug. 0 245 1025-5 Dec. 0 245 1147-5 


Tabulations of Julian date against calendar date for other years are given on pages 
K2-K4. Other relevant dates are: 


400-day date, JD 245 1200-5 = 1999 January 22:0 


Standard epoch, 1900 January 0, 124 UT = JD241 5020-0 

Standard epoch, B1950-0 = 1950 Jan. 0-923 = JD243 3282-423 
B1998-0 = 1998 Jan. 0-549 = JD245 0814-049 
J1998-5 = 1998 July 2-625 = JD245 0997-125 

Standard epoch, J2000-0 = 2000 Jan. 1:5 =JD245 1545-0 


The fraction of the year from 1998-5 is tabulated with the Besselian day numbers on 
pages B24-B31. 


The “modified Julian date” (MJD) is the Julian date minus 240 0000-5 and in 1998 
is given by: MJD = 50813-0 + day of year + fraction of day from 0° UT. 


A date may also be expressed in years as a Julian epoch, or for some purposes as a 
Besselian epoch, using: 


Julian epoch = J[2000-0 + (JD — 245 1545-0)/365-25] 
Besselian epoch = B[1900-0 + (JD — 241 5020-313 52)/365-242 198 781] 


where JD is the Julian date; the prefixes J and B may be omitted only where the 
context, or precision, make them superfluous. 


Notation for time-scales 


A summary of the notation for time-scales and related quantities used in this Almanac 
is given below. Additional information is given in the Glossary, in the Explanation and 
in the Supplement to the Almanac for 1984. 


UT = UT1; universal time; counted from 05 at midnight; unit is mean solar day 
UTO local approximation to universal time; not corrected for polar motion 
GMST — Greenwich mean sidereal time; GHA of mean equinox of date 

GAST Greenwich apparent sidereal time; GHA of true equinox of date 

TAI international atomic time; unit is the SI second 
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Notation for time-scales (continued ) 


UTC coordinated universal time; differs from TAI by an integral number of 
seconds, and is the basis of most radio time signals and legal time systems 
AUT =UT-—UTC; increment to be applied to UTC to give UT 


DUT =predicted value of AUT, rounded to 081, given in some radio time signals 

ET ephemeris time; was used in dynamical theories and in the Almanac from 
1960-1983; but is now replaced by TDT and TDB 

TDT terrestrial dynamical time; used as time-scale of ephemerides for observa- 
tions from the Earth’s surface. TDT = TAI + 328184 

TDB barycentric dynamical time; used as time-scale of ephemerides referred to 
the barycentre of the solar system 

AT, = ET — UT (prior to 1984); increment to be applied to UT to give ET 

AT = TDT — UT (1984 onwards); increment to be applied to UT to give TDT 

AT = TAI + 329184 — UT 


AMAT =TAI — UTC; increment to be applied to UTC to give TAI 
AET =ET — UTC; increment to be applied to UTC to give ET 
ATT =TDT — UTC; increment to be applied to UTC to give TDT 


For most purposes, ET up to 1983 December 31 and TDT from 1984 January 1 can 
be regarded as a continuous time-scale. Values of AT for the years 1620 onwards are 
given on pages K8-K9. 


The name Greenwich mean time (GMT) is not used in this Almanac since it is 
ambiguous and is now used, although not in astronomy, in the sense of UTC in 
addition to the earlier sense of UT; prior to 1925 it was reckoned for astronomical 
purposes from Greenwich mean noon (12° UT). 


Relationships between time-scales 


The relationships between universal and sidereal times are described on page B6 and 
a daily ephemeris is given on pages B8—B15; examples of the use of the ephemeris are 
given on page B7. 


The scale of coordinated universal time (UTC) contains step adjustments of exactly 
one second (leap seconds) so that universal time (UT) may be obtained directly from it 
with an accuracy of 1 second or better and so that international atomic time (TAI) may 
be obtained by the addition of an integral number of seconds. The step adjustments 
are usually inserted after the 60th second of the last minute of December 31 or June 30. 
Values of the differences AAT for 1972 onwards are given on page K9. Accurate values 
of the increment AUT to be applied to UTC to give UT are derived from observations, 
but predicted values are transmitted in code in some time signals. 


The differences between the terrestrial and barycentric dynamical time-scales (due to 
the variations in gravitational potential around the Earth’s orbit) are given by: 


TDB = TDT + 03001 658 sin g + 03000 014 sin 2g 
g = 357253 + 02985 600 28(JD — 245 1545-0) 


where higher-order terms are neglected and g is the mean anomaly of the Earth in its 
orbit around the Sun. For the current year 


g = 356°56 + 0°985 600 28 d 


where d is the day of the year tabulated on pages B2-B3. 


B6 TIME-SCALES, 1998 


Relationships between universal and sidereal time 


The ephemeris of universal and sidereal times on pages B8-B15 is primarily intended 
to facilitate the conversion of universal time to local apparent sidereal time, and vice 
versa, for use in the computation and reduction of quantities dependent on local hour 
angle. Numerical examples of such conversions using the ephemeris and other tables 
are given opposite on page B7. Alternatively, such conversions may be carried out 
using the basic formulae and numerical coefficients given below. 


Universal time is defined in terms of Greenwich mean sidereal time, (i.e. the Green- 
wich hour angle (GHA) of the mean equinox of date), by: 


GMST at 0" UT = 24 1108548 41 + 8640 1848812 866 Ty 
+ 09093 104 TZ — 652 x 10°° TZ 


where Ty = (JD — 245 1545-0)/36 525 


Ty is the interval of time, measured in Julian centuries of 36 525 days of universal 
time (mean solar days), elapsed since the epoch 2000 January 1¢ 125 UT. 


The following relationship holds during 1998: 
on day of year d at th UT, GMST = 6630 6380 + 02065 709 8244 d+ 15002 737 91 t 


where the day of year d is tabulated on pages B2-B3. Add or subtract multiples of 24° 
as necessary. 


1-002 737 909 35 mean sidereal days 
245 03™ 568555 37 of mean sidereal time 
0:997 269 566 33 mean solar days 
235 56™ 048090 53 of mean solar time 


In 1998: 1 mean solar day 


1 mean sidereal day 


Greenwich apparent sidereal time (i.e. the Greenwich hour angle of the true equinox 
of date) is given by: 


GAST = GMST + equation of equinoxes 
where equation of equinoxes = + (4p cosé + 0002 64 sin Q + 0000 063 sin 22) 


and Ay is the total nutation in longitude, ¢ is the mean obliquity of the ecliptic and Q is 
the mean longitude of the ascending node of the Moon. The equation of the equinoxes 
is tabulated on pages B8—B15 at 0" UT for each day and should be interpolated to the 
required time if full precision is required. 


Relationships with local time and hour angle 


The following general relationships are used: 


local mean solar time = universal time + east longitude 
local mean sidereal time = Greenwich mean sidereal time + east longitude 
local apparent sidereal time = local mean sidereal time + equation of equinoxes 
= Greenwich apparent sidereal time + east longitude 
local hour angle = local apparent sidereal time — apparent tight ascension 
= local mean sidereal time 
— (apparent right ascension — equation of equinoxes) 


A further small correction for the effect of polar motion is required in the reduction 
of very precise observations; for details see page B60. 
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Examples of the use of the ephemeris of universal and sidereal times 


1. Conversion of universal time to local sidereal time 


To find the local apparent sidereal time at 09" 44™ 308 UT on 1998 July 8 in longitude 
80° 22’ 5579 west. 


Greenwich mean sidereal time on July 8 at 0° UT is Brees ne’ 
(page B12) 19 02 59-2613 
Add the equivalent mean sidereal time interval from 0° to 
094 44™ 308 UT (multiply UT interval by 1-002 737 9093) 9 46 06-0185 


Greenwich mean sidereal time at required UT: 4 49 05-2798 
Add equation of equinoxes, interpolated using 

second-order differences to approximate UT = 0441 —0-4365 
Greenwich apparent sidereal time: 4 49 04-8433 
Subtract west longitude (add east longitude) SBI 34-7193 
Local apparent sidereal time: 23 27 33-1240 


The calculation for local mean sidereal time is similar, but omit the step which allows 
for the equation of the equinoxes. 


2. Conversion of local sidereal time to universal time 


To find the universal time at 23° 27™ 3331240 local apparent sidereal time on 1998 
July 8 in longitude 80° 22’ 55’79 west. 


h m s 

Local apparent sidereal time: 23 27 33-1240 
Add west longitude (subtract east longitude) Sl 317193 
Greenwich apparent sidereal time: 449 04-8433 
Subtract equation of equinoxes, interpolated using 

second-order differences to approximate UT = 0441 —0-4365 
Greenwich mean sidereal time: 4 49 05-2798 
Subtract Greenwich mean sidereal time at 0" UT 19 02 59-2613 
Mean sidereal time interval from 0° UT: 9 46 06-0185 
Equivalent UT interval (multiply mean sidereal time 

interval by 0-997 269 5663) 9 44 30-0000 


The conversion of mean sidereal time to universal time is carried out by a similar 
procedure; omit the step which allows for the equation of the equinoxes. 


B8 


Date 


0° UT 


Jan. 


Feb. 


CoN DNDN RWNr CO 


\o 


a oe a 
WN r © 


Ree Ree 
OoNNN 


19 


UNIVERSAL AND SIDEREAL TIMES, 1998 


Julian 
Date 


245 
0813-5 
0814-5 
0815-5 
0816-5 
0817-5 


0818-5 
0819-5 
0820-5 
0821-5 
0822-5 


0823-5 
0824-5 
0825:5 
0826°5 
0827-5 


0828-5 
0829-5 
0830-5 
0831-5 
0832-5 


0833-5 
0834-5 
0835-5 
0836-5 
0837-5 


0838°5 
0839-5 
0840-5 
0841-5 
0842-5 


0843-5 
0844-5 
0845-5 
08465 
0847-5 


0848-5 
0849-5 
0850°5 
0851-5 
0852°5 


0853-5 
0854-5 
0855°5 
0856°5 
0857-5 


0858-5 
0859-5 


h 


\o © OOO OO owowTo wo eo 00 00 CO CO CO co OO OO CO OO co 06 CO CO ~~) 4 =~) ~~ fe) 5 J NINANAYND DNNDDADAD AD 


G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 


m 
37 
41 
45 
49 
53 


57 
01 
05 


Ss 
50-0294 
46-5900 
43-1479 
39-7029 
36-2557 


32-8075 
293097 
25-9136 
22-4700 
19-0290 


15-5901 
12-1522 
08-7142 
05:2749 
01-8337 


58-3902 
54-9445 
51-4969 
48-0482 
44-5991 


41-1504 
37-7028 
34-2567 
30-8127 
27-3708 


23-9308 
20-4919 
17-0530 
13-6128 
10-1699 


06-7239 
03-2752 
59-8249 
56-3745 
52-9256 


49-4789 
46:0349 
42-5928 
39-1520 
35-7113 


32:2697 
28-8264 
25-3808 
PANES EM 
18-4833 


15-0322 
11-5805 


Mean 


s 
50:2968 
46-8522 
43-4076 
39-9629 
36:5183 


33-0737 
29-6290 
26°1844 
22-7398 
19-2951 


15-8505 
12-4059 
08-9612 
05-5166 
02-0720 


58-6273 
55-1827 
51-7381 
48-2934 
44-8488 


41-4042 
SUSIES 
34-5149 
31-0703 
27-6256 


24-1810 
20:7364 
17-2918 
13-8471 
10-4025 


06:9579 
03-5132 
60-0686 
56-6240 
5331793 


49-7347 
46-2901 
42-8454 
39-4008 
35-9562 


32°5115 
29-0669 
25-6223 
22:1776 
18-7330 


15-2884 
11-8437 


Equation of 
Equinoxes 
at 0° UT 


Ss 
—0-2674 
2622 
259i], 
-2600 
-2626 


—0:2662 
2693 
:2708 
2697 
2661 


—0-2604 
52507] 
2471 
‘2417 
2382 


—0:2371 
-2382 
2412 
-2452 
2497 


—0:2538 
‘2568 
2582 
2576 
‘2548 


—0-2502 
“2445 
2387 
2344 
2326 


—0:2339 
2380 
‘2437 
‘2495 
2538 


=A2OOr 
AS oy)? 
2526 
2488 
2448 


—0:2418 
-2405 
2414 
‘2446 
-2497 


—0:2561 
—0:2633 


GSD 
at 
0" GMST 


245 

7525-0 
7526-0 
7527-0 
7528-0 
7529-0 


7530-0 
7531-0 
7532-0 
7533-0 
7534-0 


7535-0 
7536-0 
7537-0 
7538-0 
7539-0 


7540-0 
7541-0 
7542-0 
7543-0 
7544-0 


7545-0 
7546-0 
7547-0 
7548-0 
7549-0 


7550-0 
7551-0 
7552-0 
7553-0 
7554-0 


7555-0 
7556-0 
7557-0 
7558-0 
7559-0 


7560-0 
7561-0 
7562-0 
7563-0 
7564-0 


7565-0 
7566-0 
7567-0 
7568-0 
7569-0 


7570-0 
7571-0 


Jan. 


Feb. 


UT at 0 GMST 
(Greenwich Transit of 
the Mean Equinox) 


COYNDN BWNH CO 


\o 


—_ js 
me 


cael santana 
Wh 


en eo 
Oo co) AN 


NNN VY WY 
hwWNFe Oo 


Conn Whee — 


—_— 
WNr oO ”O 


— 
an & 


h 
17 
17 
17 
17 
17 


16 
16 
16 
16 
16 


16 
16 
16 
16 
16 


16 
16 
16 
16 
16 


16 
15 
15 
1S 
15 


15 
iS 
15 
LS 
1 


15 
15 
its) 
15 
15 


15 
14 
14 
14 
14 


14 
14 
14 
14 
14 
i4 
14 


m 
1 
15 
11 
07 
03 


ayy 
55 
51 
47 
43 


39 
36 
32 
28 
24 


20 
16 
12 
08 


38 


Ss 
18-9700 
23-0605 
27-1510 
31-2416 
35533521 


39-4226 
43-5132 
47-6037 
51-6942 
55-7847 


59-8753 
03-9658 
08-0563 
12-1469 
16-2374 


20-3279 
24-4185 
28-5090 
32-5995 
36:6901 


40-7806 
44-8711 
48-9617 
53-0522 
57-1427 


01-2332 
05-3238 
09-4143 
13-5048 
17-5954 


21-6859 
25-7764 
29-8670 
33-9575 
38-0480 


42-1386 


46-2291 
50-3196 
54-4101 
58-5007 


02:5912 
06-6817 
10-7723 
14-8628 
18-9533 


23-0439 
27-1344 


Mar. 


Apr. 


es 
NNAPWN KF OUO WON DWNAPW Lb 


eee 
\o co A 


NWN 
— © 


NNN NY WN 
Nn” BW LH 


NNN 
‘Oo oN 


Ww 
co 


UNIVERSAL AND SIDEREAL TIMES, 1998 


Julian 
Date 


245 
0859-5 
0860-5 
0861-5 
0862-5 
0863-5 


0864-5 
0865-5 
08665 
0867-5 
0868-5 


0869-5 
0870-5 
0871-5 
0872-5 
0873-5 


0874:5 
0875:5 
0876°5 
0877-5 
0878-5 


0879-5 
0880-5 
0881-5 
0882-5 
0883-5 


0884-5 
0885-5 
0886-5 
0887-5 
0888-5 


0889-5 
0890-5 
0891-5 
0892-5 
0893-5 


0894:5 
0895-5 
08965 
0897-5 
0898-5 


0899-5 
0900-5 
0901-5 
0902-5 
0903-5 


0904-5 
0905-5 


G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 


h m 
39 
43 
47 
51 
54 


9 58 
10 02 
10 06 
10 10 
10 14 


10 18 
10 22 
10 26 


o 00 OO 


s 
11-5805 
08-1288 
04-6780 
01-2286 
57-7810 


54-3355 
50:8918 
47-4495 
44-0077 
40-5654 


SHRI VAL 
33-6741 
30-2239 
26-7715 
23-3184 


19-8664 
16-4168 
12-9699 
09-5253 
06-0822 


02:6394 
59-1959 
55-7508 
52-3038 
48-8545 


45-4033 
41-9507 
38-4973 
35-0438 
31-5911 


28-1396 
24-6900 
21-2423 
17:7966 
14-3524 


10-9090 
07-4655 
04-0209 
00-5740 
57-1244 


53-6721 
50-2184 
46-7652 
43-3141 
39-8660 


36-4208 
32-9777 


Mean 


S 
11-8437 
08-3991 
04-9545 
01-5098 
58-0652 


54-6206 
sila ey) 
47-7313 
44-2867 
40-8421 


37-3974 
33-9528 
30:5082 
27-0635 
23-6189 


20-1743 
16-7296 
13-2850 
09-8404 
06-3957 


02:9511 
59-5065 
56-0618 
52-6172 
49-1726 


45-7279 
42-2833 
38-8387 
35-3940 
31-9494 


28-5048 
25-0601 
21-6155 
18-1709 
14-7262 


11-2816 
07-8370 
04-3924 
00-9477 
57-5031 


54-0585 
50-6138 
47-1692 
43-7246 
40-2799 


36:8353 
33-3907 


Equation of 
Equinoxes 
at 0° UT 


s 
—0:2633 
2703 
‘2765 
2812 
2842 


—0:2851 
2842 
‘2818 
2789 
2766 


—0-2762 
2787 
2842 
:2920 
-3005 


—0-3078 
-B129 
3151 
D2 vilaylt 
B35 


=0°3117 
-3106 
“3110 
“3134 
“3180 


—0:3246 
“3326 
3414 
-3502 
-3583 


—0:3651 
‘3701 
-3732 
3743 
-3739 


—0:3726 
3715 
= SAU 
i131 
‘3787 


—0:3863 
3954 
-4040 
4105 
4140 


—0-4145 
—0-4130 


GSD 
at 
0° GMST 


245 
7571-0 
7572-0 
75730 
7574-0 
7575-0 


75760 
7577-0 
7578-0 
7579-0 
7580-0 


7581-0 
7582-0 
7583-0 
7584-0 
75850 


7586-0 
7587-0 
7588-0 
7589-0 
7590-0 


7591-0 
7592-0 
7593-0 
7594-0 
75950 


7596-0 
7597-0 
7598-0 
7599-0 
7600-0 


7601-0 
7602-0 
7603-0 
7604-0 
7605-0 


7606-0 
7607-0 
7608-0 
7609-0 
7610-0 


7611-0 
7612-0 
7613-0 
7614-0 
7615-0 


7616-0 
7617-0 


Feb. 


Apr. 


B9 


UT at 0" GMST 
(Greenwich Transit of 
the Mean Equinox) 


15 
16 
17 
18 
19 


20 
21 
22 
23 
24 


25 
26 
aif 
28 


rR RP RR on 
NUnPWY re Owo ON Nn WNY 


oo 
\o oo ~ 


Nw 
= © 


NNN N NY 
NNW N 


NNN 
\o co A 


Ww Ww 
et) 


Noe 


h 
14 
14 
14 
14 
14 


m 
18 
14 
10 
06 
02 


58 
54 
50 
46 
43 


39 
35 
31 
27 
23 


19 
15 
11 
07 
03 


59 
55 
51 
48 
44 


40 
36 
32 


s 
27-1344 
31-2249 
35-3155 
39-4060 
43-4965 


47-5870 
51-6776 
55-7681 
59-8586 
03-9492 


08-0397 
12-1302 
16:2208 
20-3113 
24-4018 


28-4924 
32-5829 
36-6734 
40-7640 
44-8545 


48-9450 
53-0355 
57-1261 
01-2166 
05-3071 


09-3977 
13-4882 
17-5787 
21-6693 
25-7598 


29-8503 
33-9409 
38-0314 
42-1219 
46-2124 


50-3030 
54-3935 
58-4840 
02-5746 
06-6651 


10:7556 
14-8462 
18-9367 
23-0272 
27-1178 


31-2083 
35-2988 


B10 


Date 


0° UT 


Apr. 


May 


coon a aA WN 


UNIVERSAL AND SIDEREAL TIMES, 1998 


Julian 
Date 


245 
0904-5 
0905:5 
0906°5 
0907-5 
0908°5 


0909-5 
0910-5 
0911-5 
0912-5 
0913-5 


0914-5 
0915°5 
0916°5 
0917:5 
0918-5 


0919-5 
0920-5 
0921-5 
0922-5 
0923-5 


0924-5 
0925-5 
0926-5 
0927-5 
0928-5 


0929-5 
0930-5 
0931-5 
0932-5 
0933-5 


09345 
0935:5 
0936°5 
0937°5 
0938°5 


0939-5 
0940-5 
0941-5 
0942-5 
0943-5 


0944-5 
0945:5 
0946:5 
0947-5 
0948-5 


0949-5 
0950-5 


h 
12 
12 
12 


G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 


m 
36 
40 


Ss 
36°4208 
32-9777 
29I5393 
26-0924 
22-6481 


19-2019 
15-7534 
12-3030 
08-8511 
05-3983 


01-9454 
58-4931 
55-0420 
51-5928 
48-1455 


44-7003 
41-2567 
37-8142 
34-3718 
30-9285 


27-4836 
24-0362 
20-5864 
17-1347 
13-6827 


10-2321 
06-7843 
03-3400 
59-8984 
56-4583 


53-0183 
49-5770 
46:1337 
42-6882 
39-2405 


35-7910 
32-3406 
28-8898 
25-4394 
21-9903 


18-5428 
15-0974 
11-6540 
08-2125 
04-7722 


01-3322 
57:8916 


Mean 


Ss 
36:8353 
33-3907 
29-9460 
26-5014 
23-0568 


19-6121 
16:1675 
12-7229 
09-2782 
05-8336 


02-3890 
58-9443 
55-4997 
52:0551 
48-6104 


45-1658 
41-7212 
38-2765 
34-8319 
31-3873 


27-9426 
24-4980 
21-0534 
17-6088 
14-1641 


10-7195 
07-2749 
03-8302 
60-3856 
56-9410 


53-4963 
50:0517 
46-6071 
43-1624 
39-7178 


36-2732 
32-8285 
29-3839 
25-9393 
22-4946 


19-0500 
15-6054 
12-1607 
08-7161 
05-2715 


01-8268 
58-3822 


Equation of 
Equinoxes 
at 0° UT 


S 
—0-4145 
-4130 
‘4107 
-4090 
4086 


—0-4103 
“4141 
4198 
‘4271 
-4353 


—0:4436 
4513 
4577 
4623 
-4649 


—0-4655 
4645 
4624 
‘4601 
‘4587 


—0-4591 
4618 
-4670 
-4740 
4814 


—0-4874 
4905 
4903 
“4872 
“4826 


—0-4781 
‘4747 
‘4734 
4743 
‘4773 


—0-4821 
‘4880 
4941 
4998 
5044 


—0-5072 
‘5080 
“5067 
5036 
4993 


—0:4946 
—0-4906 


GSD 
at 
0 GMST 


245 
7616-0 
7617-0 
7618-0 
1619-0 
7620-0 


7621-0 
7622-0 
7623-0 
7624-0 
7625-0 


7626-0 
7627-0 
7628-0 
7629-0 
7630-0 


7631-0 
7632-0 
7633-0 
7634-0 
7635-0 


7636-0 
7637-0 
7638-0 
7639-0 
7640-0 


7641-0 
7642-0 
7643-0 
7644-0 
7645-0 


7646-0 
7647-0 
7648-0 
7649-0 
7650-0 


7651-0 
7652-0 
7653-0 
7654-0 
7655:0 


7656-0 
7657-0 
7658-0 
7659-0 
7660-0 


7661-0 
7662-0 


UT at 0° GMST 
(Greenwich Transit of 
the Mean Equinox) 
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May 
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m 
21 
17 
13 
09 
05 


01 
57 
53 
50 
46 


S 
31-2083 
35-2988 
39-3893 
43-4799 
47-5704 


51-6609 
55-7515 
59-8420 
03-9325 
08-0231 


12-1136 
16-2041 
20-2947 
24-3852 
28-4757 


32-5662 
36-6568 
40-7473 
44-8378 
48-9284 


53-0189 
57-1094 
01-2000 
05-2905 
09-3810 


13-4716 
17-5621 
21-6526 
25-7432 
29-8337 


33-9242 
38-0147 
42-1053 
46-1958 
50-2863 


54-3769 
58-4674 
02-5579 
06-6485 
10-7390 


14-8295 
18-9201 
23-0106 
27-1011 
31-1916 


35-2822 
39-3727 


June 


July 


UNIVERSAL AND SIDEREAL TIMES, 1998 


Julian 
Date 


245 
0950-5 
0951-5 
0952-5 
0953-5 
0954-5 


0955-5 
0956°5 
0957-5 
0958-5 
0959-5 


0960-5 
0961-5 
0962-5 
0963-5 
0964-5 


0965-5 
0966-5 
0967-5 
0968-5 
0969-5 


0970-5 
0971-5 
0972-5 
0973-5 
0974-5 


0975-5 
0976:5 
0977-5 
0978-5 
0979-5 


0980-5 
0981-5 
0982-5 
0983-5 
0984-5 


0985-5 
0986°5 
0987°5 
0988-5 
0989-5 


0990-5 
0991-5 
0992:5 
0993°5 
0994-5 


09955 
0996°5 


G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 


h 
15 
15 
15 


m 
37 
41 
45 
49 
53 


57 
01 
05 
09 
13 


Ss 
57-8916 
54-4494 
51-0049 
47-5580 
44-1091 


40-6594 
37-2104 
33-7635 
30:3199 
26-8795 


23-4414 
20-0041 
16-5660 
13-1260 
09-6837 


06:2390 
02-7922 
59-3441 
55-8953 
52-4467 


48-9990 
45-5528 
42-1086 
38-6666 
35-2264 


31-7877 
28-3495 
24-9109 
21-4707 
18-0283 


14-5834 
11-1362 
07-6878 
04-2395 
00-7928 


57-3489 
53-9081 
50-4699 
47-0331 
43-5963 


40-1580 
36-7175 
33-2743 
29-8288 
26°3815 


2219332 
19-4847 


Mean 


s 
58-3822 
54-9376 
51-4929 
48-0483 
44-6037 


41-1591 
37-7144 
34-2698 
30:8252 
27-3805 


23-9359 
20-4913 
17-0466 
13-6020 
10-1574 


06-7127 
03-2681 
5918235 
56:3788 
52-9342 


49-4896 
46-0449 
42-6003 
391597 
35-7110 


32-2664 
28-8218 
2S STTL 
21-9325 
18-4879 


15-0432 
11-5986 
08-1540 
04-7094 
01-2647 


57-8201 
54-3755 
50-9308 
47-4862 
44-0416 


40-5969 
B7P1523 
33-7077 
30:2630 
26°8184 


23-3738 
19-9291 


Equation of 
Equinoxes 
at 0" UT 


s 
—0:4906 
“4882 
4881 
4903 
“4945 


—0-4996 
5041 
5063 
5053 
5010 


—0-4945 
4872 
-4807 
-4760 
4736 


—0-4737 
“4759 
4794 
“4835 
“4875 


—0-4906 
‘4921 
‘4917 
“4891 
4846 


—0:4787 
4723 
4663 
4618 
4596 


—0-4599 
4624 
4662 
4698 
“4719 


—0:4712 
4674 
“4609 
‘4531 
‘4453 


—0-4389 
4348 
4334 
4343 
4369 


—0:4406 
—0-4445 


GSD 
at 
0h GMST 


245 
7662-0 
7663-0 
7664-0 
7665-0 
7666-0 


7667-0 
7668-0 
7669-0 
7670-0 
7671-0 


7672-0 
7673-0 
7674-0 
76750 
7676-0 


7677-0 
7678-0 
7679-0 
7680-0 
7681-0 


7682-0 
7683-0 
7684-0 
7685-0 
7686-0 


7687-0 
7688-0 
7689-0 
7690-0 
7691-0 


7692-0 
7693-0 
7694-0 
7695-0 
7696-0 


7697-0 
7698-0 
7699-0 
7700-0 
7701-0 


7702-0 
7703-0 
7704-0 
77050 
7706-0 


7707-0 
7708-0 


Bll 


UT at 0" GMST 
(Greenwich Transit of 
the Mean Equinox) 


June 


July 


h m 
20 
16 
12 
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SEES HA 
43-4632 
47-5538 
51-6443 
55-7348 


59-8254 
03-9159 
08-0064 
12:0970 
16-1875 


20-2780 
24-3685 
28-4591 
32:5496 
36:6401 


40-7307 
44-8212 
48-9117 
53-0023 
57-0928 


01-1833 
05-2739 
09-3644 
13-4549 
17:5454 


21-6360 
25-7265 
29-8170 
33-9076 
37-9981 


42-0886 
46-1792 
50:2697 
54-3602 
58-4508 


02-5413 
06-6318 
10-7224 
14-8129 
18-9034 


229939 
27-0845 
31-1750 
35-2655 
39-3561 


43-4466 
47-5371 


Aug. 
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ow OND AWN 
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UNIVERSAL AND SIDEREAL TIMES, 1998 


Julian 
Date 


245 
0996-5 
0997:5 
0998°5 
0999-5 
1000-5 


1001-5 
1002-5 
1003-5 
1004-5 
1005-5 


1006°5 
1007-5 
1008-5 
1009-5 
1010-5 


1011-5 
1012-5 
1013-5 
1014-5 
1015°5 


10165 
1017°5 
1018-5 
1019-5 
1020-5 


1021-5 
1022°5 
1023-5 
1024-5 
10255 


1026-5 
1027-5 
1028-5 
1029-5 
1030-5 


1031-5 
1032:5 
10335 
10345 
1035-5 


10365 
1037-5 
1038-5 
1039-5 
1040-5 


1041-5 
1042-5 


h 
18 
18 
18 


G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 


m 
38) 
43 


s 
19-4847 
16-0367 
12-5901 
09-1452 
05-7024 


02-2615 
58-8223 
55-3840 
51-9454 
48-5056 


45-0636 
41-6188 
38-1715 
34-7226 
31:2733 


27-8253 
24-3795 
20-9366 
17-4963 
14-0577 


10-6196 
07-1805 
03-7394 
00:2958 
56:8497 


53-4014 
49-9519 
46-5017 
43-0519 
39-6030 


36:1556 
32:7102 
29-2667 
25-8250 
22:3844 


18-9442 
15-5031 
12-0600 
08-6142 
05-1657 


01-7149 
58:2635 
54-8128 
51-3642 
47-9183 


44-4751 
41-0337 


Mean 


Ss 
19-9291 
16-4845 
13-0399 
09-5952 
06-1506 


02-7060 
59-2613 
55-8167 
623721 
48-9274 


45-4828 
42-0382 
38-5935 
35-1489 
31-7043 


28-2597 
24-8150 
21-3704 
17-9258 
14-4811 


11-0365 
07:5919 
04-1472 
00-7026 
57-2580 


538133 
50:3687 
46:9241 
43-4794 
40-0348 


36:5902 
33-1455 
29-7009 
26-2563 
22:8116 


19-3670 
15-9224 
12-4777 
09-0331 
05-5885 


02-1438 
58-6992 
55-2546 
51-8099 
48-3653 


44-9207 
41-4761 


Equation of 
Equinoxes 
at 0° UT 


Ss 
~0-4445 
4478 
4498 
-4500 
4482 


—0:4444 
4390 
‘4327 
4266 
4218 


—0-4192 
4194 
“4220 
4263 
‘4309 


—0-4344 
“4355 
4338 
‘4295 
“4234 


—0:4169 
‘4114 
‘4078 
4068 
-4083 


—0-4119 
‘4168 
‘4223 
4276 
4318 


—0:-4345 
4353 
“4342 
4313 
4272 


—0-4228 
4193 
‘4177 
4189 
-4228 


~0-4289 
4358 
4418 
4458 
-4470 


—0-4456 
~0-4423 


GSD 
at 
0h GMST 


245 
7708-0 
7709-0 
7710-0 
7711-0 
7712-0 


7713-0 
7714-0 
7715-0 
7716-0 
7717-0 


7718-0 
7719-0 
7720-0 
7721-0 
7722-0 


7723-0 
7724-0 
77250 
7726-0 
7727-0 


7728-0 
7729-0 
7730-0 
7731-0 
7732-0 


7733-0 
7734-0 
7735-0 
7736-0 
7737-0 


7738-0 
7739-0 
7740-0 
7741-0 
7742-0 


7743-0 
7744-0 
77450 
7746-0 
7747-0 


7748-0 
7749-0 
7750-0 
7751-0 
7752-0 


7753-0 
7754-0 


July 


Aug. 


UT at 0? GMST 
(Greenwich Transit of 
the Mean Equinox) 
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No 


m 
19 
15 
11 


s 
47-5371 
51-6277 
55-7182 
59-8087 
03-8993 


07-9898 
12-0803 
16-1708 
20-2614 
24-3519 


28-4424 
32-5330 
36-6235 
40-7140 
44-8046 


48-8951 
52-9856 
57-0762 
01-1667 
05-2572 


09-3477 
13-4383 
17-5288 
21-6193 
25-7099 


29-8004 
33-8909 
37-9815 
42:0720 
46-1625 


50:2531 
54-3436 
58-4341 
02-5246 
06-6152 


10-7057 
14-7962 
18-8868 
22:9773 
27-0678 


31-1584 
35-2489 
39-3394 
43-4300 
47-5205 


51-6110 
55-7016 


Sept. 


Oct. 
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UNIVERSAL AND SIDEREAL TIMES, 1998 


Julian 
Date 


245 
1042-5 
1043-5 
1044-5 
1045-5 
1046-5 


1047-5 
1048-5 
1049-5 
1050-5 
1051-5 


1052:5 
1053-5 
1054-5 
1055:5 
1056°5 


1057°5 
1058-5 
1059-5 
1060-5 
1061-5 


1062-5 
1063-5 
1064-5 
1065-5 
1066-5 


1067-5 
1068-5 
1069-5 
1070-5 
1071°5 


10725 
10735 
10745 
10755 
1076°5 


1077°5 


1078-5 
1079-5 
1080-5 


1081-5 
10825 
1083°5 
1084-5 
1085°5 


1086°5 
1087-5 


G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 


h 
21 
2) 
21 


SLO, (ONO SO Ole. (Ose. > 


m 
40 
44 
48 
52 
56 


00 
04 
08 
12 
16 


20 
24 
27 
Sit 
35 


Ss 
41-0337 
875931 
34-1518 
30:7089 
27-2636 


23-8159 
20:3659 
16:9144 
13-4620 
10-0097 


06-5581 
03-1080 
59-6595 
56-2130 
52-7683 


49-3250 
45-8824 
42-4395 
38-9952 
35:5486 


32-0991 
28-6471 
2E1937 
21-7407 
18-2895 


14-8413 
11-3959 
07:9527 
04-5104 
01-0677 


57-6236 
54-1774 
50:7288 
47-2780 
43-8255 


40-3720 


36-9184 
33-4654 
30-0137 


26:5638 
Pays Moy 
19-6695 
16-2249 
12:7812 


09-3377 
05-8932 


Mean 


S 
41-4761 
38-0314 
34-5868 
31-1422 
27-6975 


24-2529 
20-8083 
17-3636 
13-9190 
10-4744 


07-0297 
03-5851 
60-1405 
56-6958 
DS 2ol2 


49-8066 
46-3619 
42-9173 
39-4727 
36-0280 


32:5834 
29-1388 
25-6941 
22-2495 
18-8049 


15-3602 
11-9156 
08-4710 
05-0264 
01-5817 


58-1371 
54-6925 
51:2478 
47-8032 
44-3586 


40-9139 


37-4693 
34-0247 
30-5800 


27-1354 
23-6908 
20:2461 
16-8015 
13-3569 


09-9122 
06-4676 


Equation of 
Equinoxes 
at 0° UT 


s 
—0:4423 
4384 
4350 
4333 
4339 


—0-4370 
4423 
-4492 
-4570 
‘4647 


—0:4716 
‘4771 
4809 
4828 
4829 


—0:4815 
4795 
4778 
‘4775 
“4795 


—0:4843 
4917 
5005 
5089 
5153 


—0:5190 
5197 
5183 
5160 
5140 


—0:5134 
“5150 
‘5190 
“5252 
‘5331 


—0:5419 


—0:5509 
5593 
5663 


—0:5716 
‘S751 
‘5766 
5766 
‘5756 


—0:5746 
—0:5744 


GSD 
at 
0h GMST 


245 
7754-0 
77550 
7756-0 
7757-0 
7758-0 


7759-0 
7760-0 
7761-0 
7762-0 
7763-0 


7764-0 
7765-0 
7766-0 
7767-0 
7768-0 


7769-0 
7770-0 
7771-0 
7772-0 
77730 


7774-0 
77750 
7776-0 
7777-0 
7778-0 


7779-0 
7780-0 
7781-0 
7782-0 
7783-0 


77840 
77850 
7786-0 
7787-0 
7788-0 


7789-0 
7790-0 
7791-0 
7792-0 
7793-0 


7794-0 
7795:0 
77960 
7797-0 
7798-0 


7799-0 
7800-0 


B13 


UT at 0° GMST 
(Greenwich Transit of 
the Mean Equinox) 


Aug. 


Sept. 


Oct. 


17 
18 
19 
20 
21 


a a — Pay pe pay Fay ex 


_—— —_ po 


SS SOS Sera ana) ea eae 


s 
55-7016 
59-7921 
03-8826 
07-9731 
12-0637 


16-1542 
20-2447 
24-3353 
28-4258 
32:5163 


36-6069 
40-6974 
44-7879 


7 48-8785 


52:9690 


57-0595 
01-1500 
05-2406 
09-3311 
13-4216 


esa. 
21-6027 
25-6932 
29-7838 
33-8743 


37-9648 
42-0554 
46-1459 
50:2364 
54-3269 


58-4175 
02-5080 
06-5985 
10-6891 
14-7796 


18-8701 
22-9607 
27-0512 
31-1417 
35-2323 


39-3228 
43-4133 
47-5038 
51-5944 
55-6849 


59-7754 
03-8660 
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UNIVERSAL AND SIDEREAL TIMES, 1998 


Julian 
Date 


245 
1087-5 
1088-5 
1089-5 
1090-5 
1091°5 


1092-5 
1093-5 
1094-5 
1095-5 
1096°5 


1097-5 
1098-5 
1099-5 
1100-5 
1101°5 


1102-5 
1103-5 
1104-5 
1105-5 
1106°5 


11075 
1108-5 
1109-5 
1110-5 
11115 


1112-5 
1113-5 
1114-5 
111555 
11165 


1117:5 
1118-5 
11195 
1120-5 
1121-5 


1122;5 
1123-5 
1124-5 
1125:5 
11265 


11275 
1128-5 
1129-5 
1130-5 
1131/5 


1132-5 
1133-5 


G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 


od — See Ee OC ty Cy Go eo 


Wwwhrd NNN NN LY NNN NY VY NNNNR 


ww 


Ww 


Ww Ww WwW WwW Ww 


s 
05-8932 
02-4471 
58-9984 
55-5472 
52-0940 


48-6405 
45-1884 
41-7392 
38-2934 
34-8504 


31-4089 
27-9673 
24-5244 
21-0795 
17-6322 


14-1826 
10-7313 
07-2788 
03-8262 
00-3740 


56-9231 
53-4739 
50-0267 
46-5815 
43-1379 


39-6954 
36:2533 
32:8106 
29-3666 
25-9206 


22:4721 
19-0216 
15-5700 
12-1191 
08-6706 


05-2256 
01-7842 
58-3451 
54-9068 
51-4675 


48-0261 
44-5821 
41-1357 
37-6874 
34-2377 


30-7876 
27-3378 


Mean 


s 
06-4676 
03-0230 
59-5783 
56:1337 
52:6891 


49-2444 
45-7998 
42-3552 
38-9105 
35-4659 


32-0213 
28-5767 
25-1320 
21-6874 
18-2428 


14-7981 
11-3535 
07-9089 
04-4642 
01-0196 


57-5750 
54-1303 
50:6857 
47-2411 
43-7964 


40-3518 
36-9072 
33-4625 
30-0179 
26-5733 


23-1286 
19-6840 
16-2394 
12-7947 
09-3501 


05-9055 
02-4608 
59-0162 
55-5716 
52-1270 


48-6823 
45-2377 
41-7931 
38-3484 
34-9038 


31-4592 
28-0145 


Equation of 
Equinoxes 
at 0° UT 


8 
—0:5744 
‘S759 
“51/99 
5866 
“5951 


—0-6040 
6114 
-6160 
6171 
6155 


—0-6124 
6093 
6076 
-6079 
6106 


—0:6155 
6222 
6300 
6381 
6456 


—0:6518 
6564 
6590 
6596 
6586 


—0-6564 
6539 
6519 
6513 
6527 


—0:6565 
6624 
6693 
6756 
6795 


—0-6799 
6767 
‘6711 
6648 
6595 


—0-6563 
6556 
6573 
6611 
6661 


—0-6716 
—0-6767 


GSD 
at 
05 GMST 


245 
7800-0 
7801-0 
7802-0 
7803-0 
7804-0 


7805-0 
7806-0 
7807-0 
7808-0 
7809-0 


7810-0 
7811-0 
7812-0 
7813-0 
7814-0 


7815-0 
7816-0 
7817-0 
7818-0 
7819-0 


7820-0 
7821-0 
7822-0 
7823-0 
7824-0 


7825-0 
7826-0 
7827-0 
7828-0 
7829-0 


7830-0 
7831-0 
7832-0 
7833-0 
7834-0 


7835:0 
7836-0 
7837-0 
7838-0 
7839-0 


7840-0 
7841-0 
7842-0 
7843-0 
7844-0 


7845-0 
7846-0 


UT at 0" GMST 
(Greenwich Transit of 
the Mean Equinox) 


Oct. 


Nov. 
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S 
03-8660 
07-9565 
12-0470 
16-1376 
20-2281 


24-3186 
28-4092 
32-4997 
36-5902 
40-6808 


44-7713 
48-8618 
52-9523 
57-0429 
01-1334 


05-2239 
09-3145 
13-4050 
17-4955 
21-5861 


25-6766 
29-7671 
33-8577 
37-9482 
42-0387 


46-1292 
50-2198 
54-3103 
58-4008 
02-4914 


06:°5819 
10-6724 
14-7630 
18-8535 
22-9440 


27-0346 
31-1251 
35-2156 
39-3061 
43-3967 


47-4872 
DLS, 
55-6683 
59-7588 
03-8493 


07-9399 
12-0304 
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UNIVERSAL AND SIDEREAL TIMES, 1998 


Julian 
Date 


245 
1133-5 
1134-5 
1135-5 
11365 
1137-5 


1138-5 
1139-5 
1140-5 
1141-5 
1142-5 


1143-5 
1144-5 
1145-5 
11465 
1147-5 


1148-5 
1149-5 
1150-5 
1151-5 
1152-5 


1153-5 
11545 
1155°5 
1156°5 
1157-5 


1158-5 
1159-5 
1160-5 
1161-5 
1162-5 


1163-5 
1164-5 
11655 
11665 
1167-5 


1168-5 
1169-5 
1170-5 
1171/5 
11725 


11735 
11745 
11755 
11765 
1177°5 


1178-5 
11795 


G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 
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39 


Ss 
27-3378 
23-8892 
20-4422 
16-9971 
13-5541 


10-1129 
06-6729 
03-2334 
59-7936 
56:3526 


52-9097 
49-4645 
46-0172 
42-5685 
39-1197 


35-6725 
32-2282 
28-7876 
25-3503 
21-9146 


18-4788 
15-0412 
11-6010 
08-1579 
04-7124 


01-2653 
57-8173 
54-3694 
50-9223 
47-4766 


44-0329 
40:5911 
37-1511 
33-7126 
30-2748 


26°8367 
23:3975 
19-9563 
16-5129 
13-0671 


09-6197 
06-1717 
02-7245 
59-2796 
55-8379 


O28 995 
48-9634 


Mean 


S 
28-0145 
24-5699 
21-1253 
17-6806 
14-2360 


10-7914 
07-3467 
03-9021 
60-4575 
57-0128 


53-5682 
50-1236 
46-6789 
43-2343 
39-7897 


36:3450 
32-9004 
29-4558 
26-0111 
22-5665 


19-1219 
15-6773 
12-2326 
08-7880 
05-3434 


01-8987 
58-4541 
55-0095 
51-5648 
48-1202 


44-6756 
41-2309 
37-7863 
34-3417 
30-8970 


27-4524 
24-0078 
20-5631 
17-1185 
13-6739 


10-2292 
06-7846 
03-3400 
59-8953 
56-4507 


53-0061 
49-5614 


Equation of 
Equinoxes 
at 0" UT 


Ss 
—0:6767 
6807 
6831 
6835 
6819 


—0:6785 
6738 
6687 
6638 
6602 


—0:6585 
6591 
6618 
6658 
6700 


—0:6726 
6722 
6681 
6609 
6519 


—0:6431 
6360 
6316 
6301 
6309 


—0-6335 
6368 
6401 
6426 
6436 


—0:6427 
6399 
6352 
6290 
‘6223 


—0:6157 
6103 
6068 
‘6057 
6068 


—0-6096 
6130 
6155 
6157 
6128 


—0-6066 
—0:5980 


GSD 
at 
0" GMST 


245 
7846-0 
7847-0 
7848-0 
7849-0 
7850-0 


7851-0 
7852-0 
7853-0 
7854-0 
7855:0 


7856-0 
7857-0 
7858-0 
7859-0 
7860-0 


7861-0 
7862-0 
7863-0 
7864-0 
7865-0 


7866-0 
7867-0 
7868-0 
7869-0 
7870-0 


7871-0 
7872-0 
7873-0 
7874-0 
7875-0 


7876-0 
7877-0 
7878-0 
7879-0 
7880-0 


7881-0 
7882-0 
7883-0 
7884-0 
7885:0 


7886-0 
7887-0 
7888-0 
7889-0 
7890-0 


7891-0 
7892-0 


Nov. 


B15 


UT at 0 GMST 
(Greenwich Transit of 
the Mean Equinox) 


16 
17 
18 
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m 
17 
13 
09 
05 
01 
57 
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49 
45 
41 


Ss 
12-0304 
16-1209 
20-2115 
24-3020 
28-3925 


32-4830 
36:5736 
40-6641 
44-7546 
48-8452 


52-9357 
57-0262 
01-1168 
05-2073 
09-2978 


13-3884 
17-4789 
21-5694 
25-6599 
29-7505 


33-8410 
37-9315 
42-0221 
46-1126 
50-2031 


54-2937 
58-3842 
02:4747 
06:5653 
10-6558 


14-7463 
18-8369 
22-9274 
27-0179 
31-1084 


35-1990 
39-2895 
43-3800 
47-4706 
51-5611 


55-6516 
59-7422 
03-8327 
07-9232 
12-0138 


16-1043 
20-1948 
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Purpose and arrangement 

The formulae, tables and ephemerides in the remainder of this section are mainly 
intended to provide for the reduction of celestial coordinates (especially of right 
ascension and declination) from one reference system to another (especially for stars 
from catalogue (barycentric) place to apparent (geocentric) place) but some of the 
data may be used for other purposes. Formulae and numerical values are given 
on pages B16-B21 for the separate steps in such reductions (i.e. for proper motion, 
aberration, light-deflection, parallax, precession and nutation). Formulae, examples and 
ephemerides are given for approximate reductions using the day-number technique on 
pages B22-B35 and for full-precision reductions using vectors and the rotation-matrix 
technique on pages B36—B59. Finally, formulae and numerical values are given for the 
reduction from geocentric to topocentric place on pages B60 and B61. Background 
information is given in the Glossary and the Explanation. 


Notation and units 

t an epoch expressed in terms of the Julian year (see page B4); the difference 
between two epochs represents a time-interval expressed in Julian years; 
subscripts zero and one are used to indicate the epoch of a catalogue place, 
usually the standard epoch of J2000-0, and the epoch of the middle of a 
Julian year (here shortened to “epoch of year”), respectively. 

T fraction of year measured from the epoch of year; t = t — ty. 

Ti an interval of time expressed in Julian centuries of 36 525 days; usually 
measured from J2000-0, i.e. from JD 245 1545-0. 

“,6,m right ascension, declination and annual parallax; in the formulae for compu- 
tation, right ascension and related quantities are expressed in time-measure 
(15 = 15°, etc.), while declination and related quantities, including annual 
parallax, are expressed in sexagesimal angular measure, unless the contrary 
is indicated. 

Lx, 4s Components of centennial proper motion in right ascension and declination. 

A, B ecliptic longitude and latitude. 

Q,i,@ orbital elements referred to the ecliptic; longitude of ascending node, incli- 
nation, argument of perihelion. 

X,Y,Z rectangular coordinates of the Earth with respect to the barycentre of the 
solar system, referred to the mean equinox and equator of J2000-0, and 
expressed in astronomical units (au). 

X,Y,Z first derivatives of X, Y, Z with respect to time expressed in days. 


Approximate reduction for proper motion 
In its simplest form the reduction for the proper motion is given by: 
a = a + (t — to) My /100 6 = 09 + (t — to)us /100 
In some cases it is necessary to allow also for second-order terms, radial velocity and 
orbital motion, but appropriate formulae are usually given in the catalogue. 


Approximate reduction for annual parallax 

The reduction for annual parallax from the catalogue place («, 69) to the geocentric 

place (a, 6) is given by: 

a = % +(n/15cosd9)(X sina — Y cosa) 

6 = 069+ 2(X cosa sindg + Y sina sin dg — Z cos do) 
where X, Y, Z are the coordinates of the Earth tabulated on pages B44 onwards. 
Expressions for X, Y, Z may be obtained from page C24, since X = —x, Y = —y, 
Z = -—z. The correction may be applied with the correction for annual aberration 
using the C and D day numbers, (see page B22). 

The times of reception of periodic phenomena, such as pulsar signals, may be 
reduced to a common origin at the barycentre by adding the light-time corresponding 
to the component of the Earth’s position vector along the direction to the object; that 
is by adding to the observed times (X cosa cosd + Y sinw cosd + Z sind)/c, where the 
velocity of light, c = 173-14 au/d, and the light time for 1 au, 1/c = 04005 7755. 
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Approximate reduction for annual aberration 


The reduction for annual aberration from a geometric geocentric place (a, 59) to an 
apparent geocentric place (a, 6) is given by: 


a = % + (—X sina + Y cosag)/(c cos do) 
6 = do + (—X cosa sin dg — Y sin ap sin dp + Z cos do)/c 


where c = 173-14 au/d, and X, Y, Z are the velocity components of the Earth given 
on pages B44 onwards. Alternatively, but to lower precision, it is possible to use the 
expressions 


X = +0-0172 sind Y =—0-0158cosA Z = —0-0068 cos A 


where the apparent longitude of the Sun / is given by the expression on page C24. The 
reduction may also be carried out by using the day-number technique (see page B22) 
or the rotation-matrix technique (see page B39) when full precision is required. 


Measurements of radial velocity may be reduced to a common origin at the bary- 
centre by adding the component of the Earth’s velocity in the direction of the object; 
that is by adding 

X cos a cos dp + Y sin ag cos do + Z sin do 


Classical reduction for planetary aberration 


In the case of a body in the solar system the apparent direction at the instant of 
observation (t) differs from the geometric direction at that instant because of (a) the 
motion of the body during the light-time and (b) the relative motion of the Earth 
and the light. The reduction may be carried out in two stages: (i) by combining the 
barycentric position of the body at time t — At, where At is the light-time, with the 
barycentric position of the Earth at time ¢, and then (ii) by applying the correction 
for annual aberration as described above. Alternatively it is possible to interpolate the 
geometric (geocentric) ephemeris of the body to the time t — At; it is usually sufficient 
to subtract the product of the light-time and the first derivative of the coordinate. The 
light-time At in days is given by the distance in au between the body and the Earth, 
multiplied by 0-005 7755; strictly, the light-time corresponds to the distance from the 
position of the Earth at time t to the position of the body at time t — At, but it is 
usually sufficient to use the geocentric distance at time t. 


Approximate reduction for light-deflection 


The apparent direction of a star or of a body in the solar system may be significantly 
affected by the deflection of light in the gravitational field of the Sun. The elongation 
(E) from the centre of the Sun is increased by an amount (4E) that, for a star, depends 
on the elongation in the following manner: 

AE = 0"'004 07/ tan (E/2) 
E 2255" O25 L- jm a Komedi 50° 90° 
AE 1’866 0/933 0466 0233 0093 0047 0023 0009 0004 
The body disappears behind the Sun when E is less than the limiting grazing value 
of about 0°25. The effects in right ascension and declination may be calculated 


approximately from: 
cos E = sino sin 6p + cos 6 cos 69 Cos (% — %&) 
Aw = 08000 271 cos dp sin (a — %)/(1 — cos E) cos 6 
Ad = 0/004 07 [sin 6 cos dp cos (% — %) — cos 6 sin do] /(1 — cos E) 


where a, 6 refer to the star, and a, do to the Sun. See also page B39. 
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Reduction for precession—rigorous formulae 


Rigorous formulae for the reduction of mean equatorial positions from an initial epoch 
to to epoch of date t, and vice versa, are as follows: 


For right ascension and declination: 


sin(a—za)cosd = sin(% +a) cos do 
cos(a#—za)cosd = cos(a +a) cos A, cos do — sin 6, sin 69 
sind = cos(% +a) sin A, cos dp + cos Oa sin do 


sin (« — za) cos 0 
cos (a — za) cos 0a cosd + sin Oa sind 
—cos(a% — za) sin@, cos6 + cos Oa, sind 


sin (% + Ca) cos do 
cos (% + fa) COS do 
sin do 


where Ca, za, 04 are angles that serve to specify the position of the mean equinox and 
equator of date with respect to the mean equinox and equator of the initial epoch. 


For reduction with respect to the standard epoch tg = J2000-:0 


Cx = 09640 6161 T + 029000 0839 T? + 029000 0050 T? 
za = 0°640 6161 T + 02000 3041 T* + 0°000 0051 T? 
6, = 0°556 7530 T — 02000 1185 T* — 02000 0116 T? 


where T = (t — 2000-0)/100 = (JD — 245 1545-0)/36 525 
For equatorial rectangular coordinates (or direction cosines): 
rE Lo ry =P l'r=Pr where r is the position vector (x, y, Z). 


The inverse of the rotation matrix P is equal to its transpose, i. P~' = P’. The elements 
of P may be expressed in terms of Ca, za, 0a as follows: 


cosa cos@,q cosza —sinfasinza —sinlacosOacosza —coslasinza —sin@a cosza 
cosa cos@a sinza +sinfacosza —sinfacos@a sinza +cosfacosza —sin@a sinza 
cosa sin 0a —sin fa, sin Oa cos Oa 


Values of the angles (4, za, 04 and of the elements of P for reduction from the standard 
epoch J2000-0 to epoch of year are as follows: 


Epoch J1998-5 Rotation matrix P for reduction to epoch J1998:5 
Ca = —34"59 = —0°009 609 +0-999 999 93 +0-000 335 42 +0-000 145 76 
Za = —34'59 = —0°009 609 —0-000 335 42 +0-999 999 94 —0-000 000 02 
64 = —30°06 = —0°008 351 —0-000 145 76 —0-000 00002 +0-999 999 99 


The obliquity of the ecliptic of date (with respect to the mean equator of date) is given 


€ = 23° 26’ 21°45 — 46815 T — 00006 T? + 07001 81 T° 
€ = 23°439 291 — 0°013 0042 T — 0°000 000 16 T* + 02000 000 504 T? 


The precessional motion of the ecliptic is specified by the inclination (z,) and longitude 
of the node (JI) of the ecliptic of date with respect to the ecliptic and equinox of J2000-0; 
they are given by: 

ma sin IT, = + 4/198 T +0/1945 T? — 0/000 18 T? 
ta cos IT, = —46"815 T + 00506 T* + 0/000 34 T3 
For epoch J1998-5 8 = 23°26! 2215 = 232439 486 


TA —0705 = —0°000 1958 
IT, 174° 52'8 = 174°880 


li 
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Reduction for precession—approximate formulae 


Approximate formulae for the reduction of coordinates and orbital elements referred 
to the mean equinox and equator or ecliptic of date (t) are as follows: 


For reduction to J2000-0 For reduction from J2000-0 
wo =a—M—Nsindy tandn “a=%H+M+Nsinady tandm 
69 = 6 —Ncosam 6 = 69 + Ncosam 
Ag =A—a+tbcos(A+c’) tan Bo A=) +a—bcos(dAy +c) tan B 
fo = B —bsin(A+c) B = Bo + bsin(o + ¢) 

Qo = Q-—a+bsin(Q +c’) cot io Q = Q) + a—bsin(Q) +c) coti 
ip = i—bcos(Q+c’) i = ip + bcos(Q) +c) 
Mo = wo — bsin(Q + c’) cosec ig @ = @ + bsin(Qo + c) coseci 


where the subscript zero refers to epoch J2000-0 and am, dm refer to the mean epoch; 
with sufficient accuracy: 

tm = %— 4(M + Nsinatand) 

dm = 6 — 5N COS %m 
or tm = a + (M + N sin ag tan do) 

dm = 69 + $N COS Om 


The precessional constants M, N, etc., are given by: 
M = 19281 2323 T + 0°000 3879 T* + 09000 0101 T°? 
N = 02556 7530 T — 09000 1185 T? — 0°000 0116 T? 
a = 19396 971 T +0°000 3086 T? 
b = 09013 056 T — 02000 0092 T? 
c = 59123 62 + 0°241 614 T + 09000 1122 T? 
c’ = 59123 62 — 12155 358 T — 09000 1964 T? 


where T = (t — 2000-0)/100 = (JD — 245 1545-0) /36 525 


Formulae for the reduction from the mean equinox and equator or ecliptic of the 
middle of year (t,) to date (t) are as follows: 


a=, +7(m+nsin og tand,) 6 = 0; + TNCOS O 
A= 2,+1(p—ncos(A; + 6°) tan B) B = B, + tsin(A; + 6°) 
Q = Q, + t(p — asin (Q; + 6°) coti) i= i, + txcos(Q; + 6°) 


oO = @, + tr sin(Q, + 6°) coseci 
where t = t—t; and 7z is the annual rate of rotation of the ecliptic. The precessional 
constants p, m, etc. are as follows: 
Epoch J1998-5 

Annual general precession p = +0°013 9696 

Annual precession in R.A. m= +0°012 8122 

Annual precession in Dec. n = +0°005 5676 

Annual rate of rotation mz = +0°000 1306 

Longitude of axis TT = +174°8627 

y = 180° — W = +5°1373 

where J/ is the longitude of the instantaneous rotation axis of the ecliptic, measured 
from the mean equinox of date. 
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Approximate reduction for nutation 
To first order, the contributions of the nutations in longitude (Aw) and in obliquity 
(Ae) to the reduction from mean place to true place are given by: 
Aa = (cose + sine sine tand) Ap —cosa tand Ae AA = Ap 
Aé = sine cosa Ap + sina Ae Ap =0 
Daily values of Ap and Ae during 1998 are tabulated on pages B24-B31. The 
following formulae may be used to compute 4p and 4é to a precision of about 0°0002 
(1”) during 1998. 
Ap = — 0°0048 sin (163°8 — 0-053 d) 
— 0°0004 sin (198°9 + 1-971 d) 
where d = JD — 245 0813-5; for this precision 
€ = 23°44 cose = 0-917 sine = 0-398 


The corrections to be added to the mean rectangular coordinates (x, y, z) to produce 
the true rectangular coordinates are given by: 


Ae = + 0°0026 cos (163°8 — 0-053 d) 
+ 0°0002 cos (198°9 + 1-971 d) 


Ax = —(ycosée+z sine) Ap Ay = +x cose Ap —z Ae Az =+x sineAp+y Ae 
where Ay and Ae are expressed in radians. 


The elements of the corresponding rotation matrix are: 


1 —Ay cose —Ayp sine 
+Awp cose 1 —Aé 
+Ayp sine +Ae 1 


The full series for nutation in Ap and 4é are given in The Astronomical Almanac 1984 
on pages S23-S26. 


Approximate reduction for precession and nutation 


The following formulae and table may be used for the approximate reduction from 
the standard equinox and equator of J2000-0 to the true equinox and equator of date 
during 1998: } . 

“a=oa+f+g sin(G + %) tan do 
6 = 69 + g cos(G + %) 


where the units of the correction to a and do are seconds of time and minutes of arc, 
respectively. 


Date if g zg G Date if; g g G 
1998 s s y h m 1998 s S D h m 
Jan. -3 Omron W022 11 09 July 6* = 5:0. 213 4 0757 t1' 1 00 
Il 64 2:8 0-71 11 09 16 40 2a ODS og OO 
17 6:3 eS O70 SIGOS 26 43,2: 0:54 11 00 
27* 622)e237 eH0:69) seliticO9 Aug. 5 4:8 721s .O:54s <1) 00 
Feb. 6 One an O:05 ee O 15* ANT. ced? 1053: 4 dal. Ob 
16 =—6:0)5 270-67) ate 1 25 40m eal) Ose 1) 02 
26 OO) PAG MOSS ohe UIE a2 Sept. 4 4:6) 2008 Os re 02 
Mar. 8* 5:950r256 WO66eme tal Id 14 4S ee 2-On  Oxdsihel ticO? 
18 5: 9p One 0:65.5 tile 2 24* A Sp Os 0-50en NOS 
28 Sytem POs) AN a? Oct. 4 44 20 0-49 11 03 
Apr. 7 —5:8 26 064 11 11 14 —44 20 049 1101 
17* De SPO O40 24 43 1:9 0-49 10 59 
27 S77 V2) P0168" = TIL 09 Nov. 3* 42 1:9 0-48 10 58 
May 7 3:6 255°640:62) 211007 13 42 19 0-47 10 56 
17 ore) Pray OIE INOS 23 41 19 046 10 52 
27* —54 24 0-61 11 03 Dec. 3 —40 1:8 0-45 10 50 
June 6 3) 2:4 (60 L103 13* SOP tS ()-44* 1ORA9 
16 See ks) (ee) Il 23 3505017 0:43 10046 
26 sell key Ora INL 33 39) eT 0:42 1054S 
July 6* Sxl) key (psy A 


* 40-day date 


+ 400-day date for osculation epoch 
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Differential precession and nutation 


The corrections for differential precession and nutation are given below. These are 
to be added to the observed differences of the right ascension and declination, 4a and 
Ad, of an object relative to a comparison star to obtain the differences in the mean 
place for a standard epoch (e.g. J2000-0 or the beginning of the year). The differences 
Aa and Ao are measured in the sense “object — comparison star”, and the corrections 
are in the same units as 4« and Ao. In the correction to right ascension the same units 
must be used for Aa and Ao. 


correction to right ascension e tand da —f sec? 6 Ad 
correction to declination 7 Ae 


where e = —cosa(nt + sine Ap) — sina Ae 
f = +sina(nt + sine Ap) — cosa Ae 
and ¢ = 23°44, sine = 0-:3978 


n = 0-000 0972 radians for epoch J1998-5 

t is the time in years from the standard epoch to the time of observation. 

Ay, Ae are nutations in longitude and obliquity at the time of observation, 
expressed in radians. (1” = 0-000 004 8481 rad). 


The errors in arc units caused by using these formulae are of order 10~* t? sec? 6 
multiplied by the displacement in arc from the comparison star. 


Differential aberration 


The corrections for differential annual aberration to be added to the observed 
differences (in the sense moving object minus star) of right ascension and declination 
to give the true differences are: 


in right ascension aA4a+bAod in units of 08001 
in declination cA4a+dAo in units of 001 


where Aa, AO are the observed differences in units of 1™ and 1’ respectively, and where 
a, b, c, d are coefficients defined by: 


a = —5:701 cos(H + a) secd b = —0-380 sin (H + «) seco tand 
c = +8-552 sin(H + «)sin6 d = —0:570cos(H + a) cos 6 
H» = 23-4 — (day of year/15-2) 


The day of year is tabulated on pages B2-B3. 


Astrometric positions 


An astrometric position of a body in the solar system is formed by applying 
the correction for the barycentric motion of the body during the light-time to the 
geometric geocentric position referred to the equator and equinox of the standard 
epoch of J2000:0. Such a position is then directly comparable with the astrometric 
positions of stars formed by applying the corrections for proper motion and annual 
parallax to the catalogue positions for the standard epoch of J2000-0. The deflection 
of light has been ignored. 


B22 REDUCTION OF CELESTIAL COORDINATES 


Formulae using day numbers 


For stars and other objects outside the solar system the usual procedure for the 
computation of apparent positions from catalogue data is as follows, but the techniques 
described on pages B39-B41 should be used if full precision is required. 


From ; To Step Correction 
catalogue epoch current epoch i proper motion 
catalogue equinox mean equinox of year sil precession 
mean equinox of year mean equinox of date ill precession 
mean equinox of date true equinox of date iv nutation 
true (heliocentric) position apparent (geocentric) position {v aberration (annual) 

ti parallax (annual) 


Star catalogues usually provide coefficients for steps i and ii for the reduction from 
catalogue position (%, 69) to the position for the mean equinox of another epoch. 
Besselian day numbers (A to E), which provide for steps iii to v for the reductions 
from the position (a, 6,) for the mean equinox of the middle of the year to the 
apparent geocentric position (a, 6), are given on pages B24—-B31; for high declinations, 
the second-order day numbers (J, J’) given on pages B32—B35 may be required. The 
formulae to be used are: 


a=a,+Aa+Bb+Cc+Dd+E+J tan’ 6, 
6 = 6, + Aa’ + Bb’ + Cc’ + Dd' + J’ tan 6, 


where the Besselian star constants are given by: 


a =(m/n)+ sing, tand, a= cosa 

b=cosa tand, b' = —sina 

C =.COS H Sec do, c= tane cosd; —sing, sind, 
d = sina, secd; d’= cosaq, sind; 


where «@ and 6 are in arc units. For 1998-5, m/n = 2-301 22 and tane = 0-433 56. 


The additional corrections for the proper motion (centennial components Ly, Ls) 
during the fraction of year (t) and for annual parallax (7) are given by: 


Aa = Th,/100 + 2 (dX —cY) Ad = tus /100 + n(d'X —c'Y) 


where X, Y are the coordinates of the Earth with respect to the solar-system barycentre 
given on pages B44—B59. Strictly, this parallax correction should be computed using 
the coordinates of the Earth referred to the mean equinox of the middle of the year, 
or using star constants computed for the standard epoch of J2000-0. 


The corrections for annual parallax may be included with the corrections for annual 
aberration by substituting C—nY for C and D+7xX for D in the formulae given 
above. Alternatively if the annual parallax is small enough it is possible to make 
the substitutions 

c+0-0532 dn for c d — 0:0448 cx for d 
c’ +0:0532d'x for c’ d’ — 0-0448 c'n for d’ 


The error in this approximate method is negligible if the parallax of the star is less 
than about 02. 


A further correction to allow for the deflection of the light in the gravitational field 
of the Sun may also be required—appropriate formulae are given on page B17. 


The day-number technique may also be used for objects within the solar system but 
steps i and vi are omitted and step v is replaced by forming the geocentric position 
by combining the barycentric position of the body at time t — At, where At is the 
light-time, with the barycentric position of the Earth at time t. 


REDUCTION OF CELESTIAL COORDINATES B23 


Example of day-number technique 


To calculate the apparent place of a star at 0" TDT at Greenwich on 1998 January 1 
from the mean place for J1998-5 using day numbers. 


Step 1. From a fundamental star catalogue, such as the FK5, calculate for epoch 
and equinox J1998-5 the mean right ascension and declination («, 5), the centennial 
proper motion (1, 4s) and the parallax (7). 


Assume the following fictitious values for the calculation: 
a, = 145 39™ 298914 6, = —60° 49’ 4512 t= "0-752 
Ha = —49°473 per century ps = +6965 per century 


Step 2. Form the star constants as follows: 


a = +£((m/n) + sina tan 51) a’ = cosa, = —0-767 45 
= +0-229 98 
b = 4 cosa tand; = +0091 66 b’ =—sina, = +0-641 11 
C= is COS a; sec dy = —0-104 97 c’ = tanecos 6; — sina sind, 
= —0-348 48 


= kz sin a sec d; = —0-087 69 d' = cosa sind, = +0-670 11 


Step 3. Extract the day numbers from pages B24, B34 and B35. In general, linear 
interpolation is required and second differences may be significant for A and B. The 
values for 1998 January 1 at 0® TDT are: 


A= —11°727 C = —3'470 E = —0°0006 J = +0°000 11 
B = +9"479 D = +20°505 t = —0:5000 J’ = —0°0003 


Step 4. Extract the values of the Earth’s rectangular coordinates from page B44 (the 
values for J2000-0 are of sufficient accuracy for computing the parallax correction). 
The values are: 

X = —0:185 Y = +0:891 


Step 5. Calculate the corrections for light-deflection, 4a and Ao. 


For the Sun for 1998 January 1 at 08 TDT, a. =,185.45™1,.09 =.—23° 02’. Using 
the formulae on page B17, cos (elongation) = +0:5564 and the corrections for light- 
deflection are 4a = —08001 and Ad = 0°00. 


Step 6. Compute the apparent position as follows: 


Mean position 1998°5, a, = 14h 39™ 298914 0; = —60° 49’ 45712 
Aa+ Bb+Cc+Dd+E = —3'263 Aad’ + Bb! + Cc’ + Dd' = +3003 
J tan? 6; = 039000 J'tand, = 000 
TH, /100 = +03247 tus /100 = 0735 
n(dX —cY) — 4089083 x(d'X —c’Y) =n. (iA 
Au = —0°001 Ao = (000 


Apparent position a = 145 39™ 268980 56 = —60° 49’ 1530 
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Nutation 
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NUTATION, OBLIQUITY, DAY NUMBERS, 1998 


FOR 0° DYNAMICAL TIME 


Nutation Obl. of 

in in Ecliptic 
Long. Obl. 
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NUTATION, OBLIQUITY, DAY NUMBERS, 1998 


FOR 0" DYNAMICAL TIME 


Nutation Obl. of Besselian Day Numbers Fraction 
in in Ecliptic for Mean Equinox J1998-5 of Year 

Long. Obl. A B C D 1g e 
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” ” ” ” ” ” i (0.0001) 
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NUTATION, OBLIQUITY, DAY NUMBERS, 1998 B27 


Nutation 
in in 
Long. Obl. 
— 8:022  -—8-765 
7-983 8-745 
7-980 8-721 
8-017 8-699 
8-086 8-690 
— 8-170 —8-699 
8-242 8-729 
8-278 8-777 
8-262 8-832 
8-193 8-883 
— 8:086 —8-919 
7-967 8-935 
7-859 8-931 
7-783 8-913 
7-745 8-888 
— 7:746 —8-863 
7-781 8-843 
7-839 8-834 
7-906 8-837 
7-971 8-852 
— 8-021 —8-878 
8-046 8-913 
8-039 8-950 
7-998 8-986 
7-924 9-014 
— 7-828 —9-029 
7-722 9-029 
7-624 9-012 
7-551 8-981 
7-515 8-943 
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— 7-205 —8:-801 
— 7-268 —8-795 


23> 26! 
13-445 
13-463 
13-487 
13-507 
132515 


13-505 
13-473 
13-424 
13-368 
13-316 


13-278 
13-261 
13-263 
13-280 
13-304 


13-328 
13-346 
13-354 
13-350 
13-334 


13-306 
13-271 
13-232 
13-194 
13-165 


13-149 
13-148 
13-164 
13-193 
13-229 


13-265 
13-291 
13-300 
13-289 
13-261 


132223 
13-185 
Sede) 
13-147 
13-157 


13-185 
13-224 
13-266 
13-304 
13-334 


13-351 
13-356 


FOR 0" DYNAMICAL TIME 


Obl. of 
Ecliptic 


Besselian Day Numbers Fraction 
for Mean Equinox J1998-5 of Year 
B G D i T 

ie i 2 (0°0001) 

0" /65)08 10-6238 1116-63108 — 11 ONT 
8-745 10-361 16-823 11 -1249 
8.721 10-096 17-010 11 -1222 
8-699 9-828 17-193 11 1194 
8-690 9-557 Sia 11 1167 

13:0 O99 9-280) Omran -S44nee il —0-1140 
8-729 9-006 17-712 12 -1112 
8-777 8-726 17-874 12 -1085 
8-832 8-443 18-031 12 1057 
8-883 8-158 18-182 11 -1030 

ON san Oy Oat 82 Seer let —0:1003 
8-935 7-580 18-468 11 -0975 
8-931 7-289 18-601 11 0948 
8-913 6-995 18-729 11 -0921 
8-888 6-700 18-852 11 -0893 

+8863 — 6-404 —18-968 —11 — 0-0866 
8-843 6-106 19-079 11 0838 
8-834 5-807 19-185 11 0811 
8-837 5-507 19-285 11 0784 
8-852 5-206 19-379 11 0756 

+8878") += 14-903) 19-4683" = 11 —0-0729 
8-913 4-600 19-552 11 -0702 
8-950 4-296 19-630 11 0674 
8-986 3:99] 19-703 11 0647 
9-014 3-685 19-771 11 -0619 

+9: 2955538 19-8 34u ee 1h =0-0592 
9-029 3-071 19-891 11 -0565 
9-012 2-763 19-943 11 -0537 
8-981 2-453 19-990 11 0510 
8-943 2-143 20-032 11 0483 

173-90] alle 853 tae—2000Gme — iil —0-0455 
8-879 1-521 20-099 11 0428 
8-869 1-208 20-124 11 0400 
8-878 0-895 20-144 11 -0373 
8-905 0-581 20-158 11 0346 

+8942) —=70:267 20-1661 = 14 —0-0318 
8-979 + 0-048 20-167 11 -0291 
9-006 0-363 20-163 11 -0264 
9-015 0-678 20-152 10 -0236 
9-003 0-993 20-135 10 -0209 

+8:974 + 1:307 ~—20:112 -10  =0-0181 
8-934 1-620 20-083 10 0154 
8-890 1-933 20-048 10 0127 
8-851 2-245 20-008 10 0099 
8-820 D595 19-961 10 0072 

+O. OU Lomas S008 19-9097 — 10 —0-0044 

TrePIEBy «ar SBI. — jes il ail, —0-0017 


B28 


Aug. 


NUTATION, OBLIQUITY, DAY NUMBERS, 1998 


FOR 0" DYNAMICAL TIME 


Nutation Obl. of 

in in Ecliptic 
Long. Obl. 

23° 26’ 


a 20D Gee O78Ul 13-351 
7-268 8-795 13-356 
7-322 8-801 13-349 
TESS 8-816 13-332 
7-359 8-837 13-3 


Ft 3298-857 13-289 
7-267 8-872 132273 
AATS 8-876 13-268 
7-076 8-864 13-278 
6-976 8-834 13-306 


ee op = te IIe) 13-349 
6-855 8-736 13-402 
6-857 8-681 13-456 
6-901 8-634 13-502 
6-971 8-602 132532 


=) 7-047 = 8:591 13-542 
7-103 8-597 13-534 
7122 8-616 13-514 
7-094 8-638 13-491 
7-023 8-653 13-475 


=116:925) = 5-693 13-474 
6-817 8-634 13-492 
6-727 8-597 13-527 
6-669 8-547 13-576 
6-652 8-490 13-631 


— 6676 —8-435 13-685 
6-735 8-388 13731 
6-816 8-352 13-766 
6-906 8-329 13-787 
6-992 8-319 13-796 


=) 7-061) = 8-320 13-794 
7-105 8-328 13-785 
7-119 8-338 13-773 
7-100 8-345 13-765 
7-052 8-344 13-765 


POO86)) 18-529 13-778 
6-914 8-298 13-808 
6-856 8-250 13-855 
6-831 8-190 13-913 
6-849 8-126 13-976 


<7 16-914) | =.8:067 14-034 
7-013 8-024 14-076 
TAOS 8-001 14-098 
7-224 7-998 14-099 
7-289 8-010 14-085 


=F 1-309 18-028 14-066 
Se7°286) 8 = 8-042 14-052 


Besselian Day Numbers 
for Mean Equinox J1998-5 


B 


” 


+ 8-801 
8-795 
8-801 
8-816 
8-837 


+ 8-857 
8-872 
8-876 
8-864 
8-834 


+ 8-790 
8-736 
8-681 
8-634 
8-602 


85911 
8-597 
8-616 
8-638 
8-653 


+ 8-653 
8-634 
8-597 
8-547 
8-490 


+8-435 
8-388 
8-352 
8-329 
8-319 


+8-320 
8-328 
8-338 
8-345 
8-344 


+8-329 
8-298 
8-250 
8-190 
8-126 


+8-067 
8-024 
8-001 
7-998 
8-010 


+8-028 
+8-042 


GE 


+ 2-865 
3°173 
3-480 
3-786 
4-091 


+ 4-394 
4-696 
4-996 
5-295 
5-592 


+ 5-888 
6-182 
6-475 
6-767 
7-057 


+ 7:346 
7-634 
TMS 
8-203 
8-485 


+ 8-764 
9-041 
9-316 
9-588 
9-857 


+ 10-122 
10-385 
10-644 
10-901 
11-153 


+ 11-403 
11-649 
11-891 
12-130 
12-366 


+12:598 
12-826 
13-051 
13-273 
13-49] 


+ 13-706 
13-918 
14-126 
14-331 
14-532 


+14-730 
+14-924 


D 


" 


— 19-909 
19-851 
19-788 
19279 
19-645 


E9565) 
19-48] 
192394 
19-296 
19-197 


— 19-092 
18-982 
18-868 
18-748 
18-623 


— 18-493 
18-357 
18-216 
18-070 
17-918 


— 17-760 
17-597 
17-428 
17-254 
17-075 


—16:891 
16-701 
16-507 
16-308 
16-104 


7153896 
15-684 
15-467 
15-246 
15-021 


14-792 
14-560 
14-323 
14-083 
13-839 


1335911 
13-340 
13-084 
12-825 
12-562 


— 12-294 
—al2023 


1) 


(0.0001) 
—10 
16 
10 
10 
10 


—10 
10 
10 
10 
10 


= 3G 
10 
10 
10 
10 


—10 
10 


Fraction 
of Year 
t 


—0-0044 
— -0017 
+ -0010 
-0038 
-0065 


+0-0092 
0120 
“0147 
0175 
-0202 


+0-0229 
0257 
0284 
“0311 
0339 


+ 0-0366 
0394 
0421 
0448 
-0476 


+0-0503 
“0530 
0558 
“0585 
0613 


+0-0640 
0667 
0695 
0722 
0749 


+0-0777 
0804 
0832 
0859 
0886 


+0-0914 
0941 
0969 
0996 
1023 


+0-1051 
“1078 
-1105 
L535 
-1160 


+0-1188 
+0-1215 


Date 


O PDT 


Aug. 


Sept. 


Oct. 


16 


SINAN hBhWN =| = 


=) 


— 
_— 


— 
wb 


— eet 
CONAN 


Nw Yr WY WY 
awn = 


vy Nv 
Nw 


NUTATION, OBLIQUITY, DAY NUMBERS, 1998 


Nutation 
in in 
Long. Obl. 
=| 7-286’ —8-042 
7-233 8-042 
7-168 8-026 
7-113 7-992 
7-085 7-945 
— 7:095 —7-890 
7-146 7-834 
7-233 7-784 
7-346 7-745 
7-472 7-720 
=) 7-598) =7 708 
7-711 7-708 
7-802 ea 
7-864 7-730 
7-895 7-742 
= 7-896 —7-749 
7-874 7-745 
7-841 7-726 
7-813 7-692 
7-807 7-643 
— 7-840: —7-586 
7-919 7-531 
8-040 7-488 
8-183 7-466 
8-321 7-467 
— 8-427 —7-487 
8-486 7-516 
8-498 7-544 
8-475 7-560 
8-437 7-559 
— 8405 —7-:541 
8-396 7-509 
8-422 7-468 
8-487 7-426 
8-588 7-388 
— 8-717. —7-361 
8-862 7-346 
9-008 7-345 
9-145 7-350 
9-260 7:379 
— 9-347 —7-406 
9-403 7-435 
9-428 7-460 
9-428 7-475 
9-413 7-478 
— 9-395 —7-467 
— 9-392 —7-442 


Ecliptic 


23° 26’ 
14-052 
14-050 
14-065 
14-097 
14-143 


14-197 
14-252 
14-300 
14-338 
14-362 


14-373 
14-371 
14-361 
14-347 
14-333 


14-325 
14-328 
14-345 
14.379 
14-426 


14-481 
14-535 
14-577 
14-598 
14-595 


14-574 
14-544 
14-515 
14-498 
14-497 


14-514 
14-545 
14-584 
14-625 
14-661 


14-688 
14-701 
14-701 
14-688 
14-665 


14-636 
14-606 
14-580 
14-563 
14-559 


14-569 
14-593 


++ 


FOR 0" DYNAMICAL TIME 


Obl. of 


Besselian Day Numbers 
for Mean Equinox J1998-5 


B 


G 


wt 


+ 14-924 
15-114 
15-299 
15-481 
15-658 


+ 15-830 
15-997 
16-160 
16-318 
16-470 


+16-618 
16-761 
16-899 
17-031 
SS) 


+ 17-282 
17-400 
We Si2 
17-620 
223 


+217-821 
17-915 
18-004 
18-088 
18-167 


+ 18-242 
18-312 
18-377 
18-437 
18-492 


+ 18-541 
18-585 
18-623 
18-655 
18-682 


+ 18-703 
18-718 
18-727 
18-731 
18-728 


+ 18-720 
18-706 
18-687 
18-661 
18-631 


+ 18-594 
+ 18-553 


D 


w" 


2-023 
11-747 
11-468 
11-184 
10-897 


— 10-606 
10-312 
10-014 
9-714 
9-410 


==) Oeil Ns) 
8-794 
8-482 
8-168 
7851 


=F Sey 
7-242 
6-889 
6-564 
6-238 


soll 
5-581 
5-250 
4-918 
4-584 


04-247 
3-909 
3-570 
3-228 
2-885 


— 2-540 
2-194 
1-846 
1-497 
1-148 


— 0-798 
0-447 
=U: 095 
a O20) 
0-608 


ar HOS) 
1-310 
1-661 
2-012 
2-361 


ed AO 
ao OOS 


TG 


(0.0001) 
=10 
10 
10 
10 
10 


=i) 
10 
10 
10 
10 


=i! 
11 


B29 


Fraction 
of Year 
T 


+0-1215 
-1242 
1270 
IAG 
1324 


+0-1352 
-1379 
-1407 
1434 
1461 


+0-1489 
-1516 
1543 
1571 
1598 


+0-1626 
1653 
-1680 
1708 
2735 


+0-1762 
-1790 
-1817 
1845 
-1872 


+0-1899 
1927 
1954 
-1982 
-2009 


+0-2036 
2064 
2091 
2118 
2146 


+0-2173 
2201 
2228 
“2295 
-2283 


+0-2310 
2337), 
+2365 
-2392 
2420 


+0-2447 
+0-2474 


B30 


Date 


EDT 


Oct. 


Nov. 


SAA NSWN = 


NUTATION, OBLIQUITY, DAY NUMBERS, 1998 


Nutation 
in in 

Long. Obl. 
— 9-392 —7-442 
9-417 7-405 
9-483 7-366 
9-591 7-334 
9-730 7-319 
— 9-876 —7-328 
9-998 7-360 
10-072 7-406 
10-091 7-455 
10-064 7-495 
—10-013. —7-517 
9-964 7-521 
9-935 7-508 
9-940 7-485 
9-984 7-459 
—10-065 —7-437 
10-174 7-423 
10-302 7-422 
10-433 7-434 
10-556 7-459 
— 10-658 —7-495 
10-733 7-538 
10-775 7-582 
10-785 7-624 
10-769 7-657 
— 10-733 —7-678 
10-692 7-685 
10-660 7-679 
10-649 7-661 
10-673 7-636 
—10-735 —7-614 
10-831 7-604 
10-945 7-613 
11-048 7-646 
11-111 7-698 
—11-117 —7-760 
11-065 7-816 
10-973 7-857 
10-871 7-876 
10-784 7-875 
—10-731 —7-860 
10-719 7-839 
10-748 7-820 
10-809 7-809 
10-892 7-809 
—10-:981 —7-822 
—11-065 —7-848 


FOR 0° DYNAMICAL TIME 


Obl. of 
Ecliptic 


23% 20° 
14-593 
14-628 
14-666 
14-696 
14-710 


14-700 
14-667 
14-619 
14-569 
14-528 


14-504 
14-500 
14-511 
14-532 
14-557 


14-578 
14-591 
14-591 
14-577 
14-551 


14-514 
14-470 
14-424 
14-381 
14-347 


14-324 
14-316 
14-321 
14-338 
14-361 


14-382 
14-391 
14-380 
14-346 
14-292 


14-230 
14-172 
14-130 
14-110 
14-109 


14-123 
14-142 
14-160 
14-170 
14-169 


14-155 
14-128 


Besselian Day Numbers 
for Mean Equinox J1998-5 


B 


” 


+7-442 
7-405 
7:366 
7-334 
7-319 


+7-328 
7-360 
7-406 
7-455 
7-495 


si Tost 7 
eO2 i 
7-508 
7-485 
7-459 


+7-437 
7-423 
7-422 
7-434 
7-459 


+7-495 
7-538 
7-582 
7-624 
7-657 


+7-678 
7-685 
7-679 
7-661 
7-636 


+7-614 
7-604 
7-613 
7-646 
7-698 


+7:760 
7-816 
7-850 
7-876 
7-875 


+7-860 
7-839 
7-820 
7-809 
7-809 


+7-822 
+7-848 


E 


+718-553 
18-506 
18-453 
18-396 
18-334 


+ 18-267 
18-195 
18-117 
18-035 
17-948 


+17-855 
17-757 
17-653 
17-544 
17-429 


+ 17-308 
17-182 
17-050 
16-913 
16-770 


+ 16-622 
16-468 
16-309 
16-145 
15-975 


+ 15-801 
15-621 
15-437 
15-248 
15-055 


+ 14-857 
14-656 
14-450 
14-240 
14-026 


+ 13-808 
13-586 
13-360 
18-128 
12-895 


+ 12-656 
12-413 
12-165 
1-913 
11-657 


+11)-397 
Hall s33 


D 


" 


+ 3-058 
3-405 
3-751 
4-095 
4-439 


+ 4-781 
5-123 
5-464 
5-803 
6-142 


+ 6-480 
6-817 
7-152 
7-486 
7-818 


+ 8-148 
8-477 
8-803 
9-127 
9-448 


ar) ehghon! 
10-083 
10-395 
10-705 
11-011 


+11-314 
11-613 
11-909 
12-201 
12-489 


Fl Jeo 
13-053 
13-330 
13-602 
13-871 


+ 14-136 
14-398 
14-656 
14-911 
15-161 


+ 15-408 
15-650 
15-888 
16-122 
16-350 


+ 16-574 
+ 16-793 


Va, 


(0.0001) 
—13 
13 
is 
13 
14 


=14 
14 
14 
14 
14 


—14 
14 
14 
14 
14 


—14 
14 
14 
15 
15 


als: 
15 
15 
15 
15 


= 15 
15 
15 
15 
15 


aS 
15 
15 
15 
LG 


> 16 
15 
15 
15 
15 


aril) 
15 
15 
15 
15 


5 
S'S) 


Fraction 
of Year 
T 


+0-2474 
2502 
“2529 
-2556 
“2584 


+0-2611 
-2639 
-2666 
-2693 
LY | 


+0-2748 
2775 
2803 
2830 
2858 


+0-2885 
2912 
-2940 
-2967 
2995 


+0-3022 
“3049 
3077 
“3104 
3131 


+0-3159 
-3186 
“3214 
“3241 
“3268 


+0-3296 
+3323 
“3350 
3378 
“3405 


+0-3433 
“3460 
3487 
355 
3542 


+0-3569 
3997] 
3624 
3652 
-3679 


+0-3706 
+0-3734 


Date 


0" TDT 


Nov. 


\o 


31 


NUTATION, OBLIQUITY, DAY NUMBERS, 1998 


Nutation 
in in 

Long. Obl. 
—11:065 —7-848 
11-131 7-885 
11-170 7-929 
11-176 7-976 
11-150 8-020 
—11-094 —8-057 
11-018 8-081 
10-934 8-091 
10-855 8-087 
10-796 8-070 
—10-768 —8-045 
10-777 8-019 
10-821 8-001 
10-887 7-998 
10-955 8-016 
—10-998 —8-053 
10-991 8-104 
10-925 8-157 
10-807 8-199 
10-660 8-221 
—10-516 —8-219 
10-400 8-198 
10-328 8-166 
10-302 8-133 
10-316 8-105 
—10-358 —8-088 
10-413 8-084 
10-467 8-093 
10-507 8-113 
10-523 8-142 
—10-509 -—8-175 
10-463 8-206 
10-386 8-230 
10-286 8-243 
10-175 8-241 
—10:068. —8-223 
9-980 8-191 
9-922 8-150 
9-903 8-107 
9-922 8-069 
— 9-968 —8-043 
10-023 8-036 
10-064 8-048 
10-068 8-074 
10-020 8-107 
— 9-919 —8-135 
— 9-779 —8-146 


FOR 0" DYNAMICAL TIME 


Obl. of 
Ecliptic 


23° 26! 
14-128 
14-090 
14-044 
13-996 
13-950 


13-912 
13-887 
13-875 
13-878 
13-894 


13-918 
13-942 
13-959 
13-961 
13-942 


13-903 
13-850 
13-796 
13-753 
13-730 


S751 
13-750 
13-781 
13-813 
13-840 


13-855 
13-858 
13-848 
13-826 
13-796 


13-762 
13-730 
13-704 
13-690 
13-691 


13-707 
13-738 
13-778 
13-820 
13-857 


13-881 
13-887 
13-874 
13-846 
13-812 


13-783 
13-770 


Besselian Day Numbers 
for Mean Equinox J1998-5 


B 


” 


+7-848 
7-885 
1-029 
7-976 
8-020 


+8-057 
8-081 
8-091 
8-087 
8-070 


+8-045 
8-019 
8-001 
7-998 
8-016 


+ 8-053 
8-104 
8-157 
8-199 
8-221 


arte AW) 
8-198 
8-166 
8-133 
8-105 


+8-088 
8-084 
8-093 
8-113 
8-142 


+8-175 
8-206 
8-230 
8-243 
8-241 


shes 2728) 
8-191 
8-150 
8-107 
8-069 


+ 8-043 
8-036 
8-048 
8-074 
8-107 


+ 8-135 
+ 8-146 


cE 


" 


+aAll133 
10-865 
10-593 
10-318 
10-039 


+ 9-756 
9-471 
9-182 
8-890 
8-596 


ae tops); 
7999 
7-697 
7-394 
7-088 


+ 6-780 
6-471 
6-160 
5-847 
D7 


+ 5-215 
4-897 
4-576 
4-253 
3-929 


cee 003 
32215 
2-946 
2-616 
2-284 


ar sleepoyil 
1-618 
1-283 
0-948 
0-613 


ta 0.277 
059 
0-394 
0-729 
1-064 


Fae -3O8 
HG I/S3II 
2-063 
2-394 
2-724 


= S10bx) 
= Shsteiil 


D 


" 


+ 16-793 
17-007 
17-216 
17-419 
17-617 


+ 17-809 
17-995 
18-176 
18-350 
18-519 


+ 18-682 
18-839 
18-989 
19-134 
19-273 


+ 19-407 
19-534 
19-657 
19-773 
19-884 


+ 19-990 
20-090 
20-184 
20-272 
20-354 


+ 20-430 
20-500 
20-564 
20-620 
20-671 


+ 20-714 
20-751 
20-782 
20-805 
20-822 


+ 20-831 
20-834 
20-830 
20-819 
20-802 


+ 20-777 
20-747 
20-710 
20-666 
20-617 


+ 20-562 
+ 20-500 


ji 


(0.0001) 
alls) 
16 
16 
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The second-order day number J is given 
The apparent right ascension of a star is given by: 


where the position (a,6,) and centennial proper motion in right ascen- 
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J for NORTHERN DECLINATIONS 
FOR 0° TDT AND EQUINOX J1998-5 


Right Ascension 


SECOND-ORDER DAY NUMBERS, 1998 
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a= a+ tu,/100 + Aa + Bb + Cc + Dd + E+ J tan’ 6, 


sion (4,) are referred to the mean equator and equinox of J1998-5 


in this table in units of 0:000 01. 
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SECOND-ORDER DAY NUMBERS, 1998 B33 
J' for NORTHERN DECLINATIONS 
FOR 0° TDT AND EQUINOX J1998-5 
Right Ascension 
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The second-order day number J’ is given in this table in units of 00001. 
The apparent declination of a star is given by: 


5 = 6; + tu / 100 + Aa’ + Bb’ + Cc' + J’ tan 6, 


where the declination (6,) and centennial proper motion in declination 


(us) are referred to the mean equator and equinox of J1998-5 


B34 SECOND-ORDER DAY NUMBERS, 1998 


J for SOUTHERN DECLINATIONS 
FOR 0° TDT AND EQUINOX J1998-5 


Right Ascension 
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The second-order day number J is given in this table in units of 0.000 01. 
The apparent right ascension of a star is given by: 


a= a+ t,/ 100 + Aa + Bb + Cc + Dd + E + J tan’ 6, 


where the position (a@,,6,) and centennial proper motion in right ascen- 
sion (u,.) are referred to the mean equator and equinox of J1998-5 


Feb. 


Mar. 


Apr. 


May 


June 


July 


Aug. 


Sept. 


SECOND-ORDER DAY NUMBERS, 1998 B35 
J’ for SOUTHERN DECLINATIONS 
FOR 0° TDT AND EQUINOX J1998-5 
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The second-order day number J’ is given in this table in units of 00001. 


The apparent declination of a star is given by: 
= 6, + tu, / 100 + Aa’ + Bb' + Cc’ + J’ tan 6, 


where the declination (6,) and centennial proper motion in declination 
(us) are referred to the mean equator and equinox of J1998-5 


B36 REDUCTION OF CELESTIAL COORDINATES 


Planetary reduction 


Data and formulae are provided tor the precise computation for an object within 
the solar system of apparent geocentric right ascension and declination at an epoch in 
terrestrial dynamical time, from a barycentric ephemeris in rectangular coordinates and 
barycentric dynamical time referred to the standard equator and equinox of J2000-0. 
The stages in the reduction may be summarised as follows: 

1. Convert from terrestrial dynamical time TDT (proper time) to barycentric dy- 
namical time TDB (coordinate time). 

2. Calculate the geocentric rectangular coordinates of the planet from barycentric 
ephemerides of the planet and the Earth for the standard equator and equinox of 
J2000-0 and coordinate time argument TDB, allowing for light time calculated from 
heliocentric coordinates. 

3. Calculate the direction of the planet relative to the natural frame (i.e. the geocen- 
tric inertial frame that is instantaneously stationary in the space time reference frame 
of the solar system), allowing for light deflection due to solar gravitation. 

4. Calculate the direction of the planet relative to the geocentric proper frame by 
applying the correction for the Earth’s orbital velocity about the barycentre (i.e. annual 
aberration). The resulting direction is for the standard equator and equinox of J2000-0. 

5. Apply precession and nutation to convert to the true equator and equinox of date. 

6. Convert to spherical coordinates. 


Formulae and method for planetary reduction 


Step 1. The apparent place is required for a time in TDT whilst the barycen- 
tric ephemeris is referred to TDB. For calculating an apparent place the following 
approximate formulae are sufficient for converting from TDT to TDB: 


~ TDB = TDT + 09001 658 sin g + 09000 014 sin 2g 


where g = 357°53 + 0°985 6003 (JD — 245 1545-0) 
and JD = Julian date to two decimals of a day. 
Step 2. Obtain the Earth’s barycentric position E,(t) in au and velocity E,(t) in 
au/d, at coordinate time t = TDB referred to the equator and equinox of J2000-0. 
Using an ephemeris, obtain the barycentric position of the planet Q, in au at time 
(t —t) for the equator and equinox of J2000-0 where 1 is the light time, so that light 
emitted by the planet at the event Q,(t — t) arrives at the Earth at the event E,(f). 
The light time equation is solved iteratively using the heliocentric position of the 
Earth (E) and the planet (Q), starting with the approximation t = 0, as follows: 


Form P, the vector from the Earth to the planet from the equation: 
P = Q,(t — t) — E,(¢) 
Form E and Q from the equations: E = E,(t) —S,(t) 
Q = Q,(t =t)- S,(t tn) 
where S, is the barycentric position of the Sun. 
Calculate t from: ct = P + (2u/c?)In[(E +P + Q)/(E —P +Q)] 


where the light time (t) includes the effect of gravitational retardation due to the Sun, 
and 


[= GMo c = velocity of light = 173-1446 au/d 
G = the gravitational constant u/c? = 9-87 x 10~° au 
Mo = mass of Sun P=|P|, O=/O) 2=— |e) 


where | | means calculate the square root of the sum of the squares of the components. 
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Formulae and method for planetary reduction (continued) 


After convergence, form unit vectors p, q, e by dividing P, Q, E by P, Q, E 
respectively. 


Step 3. Calculate the geocentric direction (p,) of the planet, corrected for light 
deflection in the natural frame, from: 


Pi = P+ (2u/c°E)((p- q)e— (e- p)q)/(1 + qe) 
where the dot indicates a scalar product. (The scalar product of two vectors is the sum 
of the products of their corresponding components in the same reference frame.) 
The vector p,; is a unit vector to order p/c?. 


Step 4. Calculate the proper direction of the planet (p,) in the geocentric inertial 
frame that is moving with the instantaneous velocity (V) of the Earth relative to the 
natural frame from: 


Po = (Bp, + (1 + (P1° V)/(L + 8“) V)/( + py V) 


where V = E,/c = 0-005 7755E, and B = (1 — V)~/?; the velocity (V) is expressed 
in units of the velocity of light and is equal to the Earth’s velocity in the barycentric 
frame to order V?. 


Step 5. Apply precession and nutation to the proper direction (p,) by multiplying 
by the rotation matrix R given on the odd pages B45 to B59 to obtain the apparent 
direction p; from: 

Pp; = Rp, 


using row by column multiplication. 


Step 6. Convert to spherical coordinates «, 5 using: « = tan7!(y/¢),6 = sin! 
where p3 = (€,7,¢) and the quadrant of « is determined by the signs of € and y. 


Example of planetary reduction 
Calculate the apparent place of Venus on 1998 October 30 at 0° TDT: 


Step 1. From page B14, JD = 245 11165, 


hence g = 295°20 and TDB — TDT = —17°5 x 10° days. 
The difference between TDB and TDT may be neglected in this example. 


Step 2. Tabular values, taken from the JPL DE200/LE200 barycentric ephemeris, 
referred to J2000-0, which are required for the calculation, are as follows: 


Vector Julian date Rectangular components 
(TDB) oe y Z 
E, 245 1116-5 +0:791 134 643 +0:541 235 184 +0:234 895 275 
E, 245 1116-5 —0-010 488 366 +0-012 634 220 +0-005 478 398 
Q, 245 1114-5 —0-613 351 401 —0-:372 574 365 —0-129 099 732 
DASA TS© —0-602 217 908 —0-387 727 526 —0-136 621 250 
245 1116-5 —0-590 618 964 —0-402 576 216 —0-144 035 251 
245 1117-5 —0-:578 563 915 —0-417 108 980 —0-151 335 987 
245 1118-5 —0-566 062 459 —0-431 314 627 —0-158 517 814 
Ss 245-1115:5 —0-008 396 711 +0-000 724 585 +0-000 553 893 
245 1116°5 —0-008 396 362 +0-000 716 226 +0-000 550 306 


245 1117-5 


—0-008 396 000 


+0-000 707 867 


+0-000 546 720 
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Example of planetary reduction (continued) 
Hence on JD 245 1116-5 
E = (+0-799 531 005, +0-540 518 958, +0-234 344 969) E = 0-993 140 542 
The first iteration, with t = 0, gives: 
P = (—1-381 753 607, —0-943 811 400, —0-378 930 526) Psetl F15 695583 
Q = (—0-582 222 602, —0-403 292 442, —0-144 585 557) QO = 0-722 864 396 
t = 04009 909 03 


The second iteration, with t = 04009 909 03 using Stirling’s central-difference formula 
up to 64 to interpolate Q,, and up to 6° to interpolate S,, gives: 


P = (—1-381 870 795, —0-943 665 794, —0-378 857 606) r= 1 Ovo Us 
Q = (—0-:582 339 786, —0-403 146919, —0-144 512 673) QO = 0-722 863 042 
t = 04009 909 02 

Iterate until P changes by less than 107°. 


Hence the unit vectors are: 
p = (—0-805 429 745, —0-550 019 946, —0-220 818 897) 
q = (—0-805 601 825, —0-557 708 578, —0-199 917 086) 
e = (+0-805 053 234, +0-544 252 233, +0-235 963 551) 


Step 3. Calculate the scalar products: 
Pp: q= +0-999 751985 e- p= —0-999 868 616 q-e = —0-999 259 639 then 
(2/c’E)((p- q)e — (e p)q)/(1 + q- e) = (—0-000 000 017, —0-000 000 363, +0:000 000 967) 
and p,; = (—0-805 429 762, —0-550 020 309, —0-220 817 931) 
Step 4. Take E, from the table in Step 2 and calculate: 
V = 0:005 7755 E, = (—0-000 060 576, +0-000 072 969, +0-000 031 641) 


Then V = 0-000 099 975, B = 1-000 000 005 and B—! = 0-999 999 995 
Calculate the scalar product p,; - V = +0-000 001 668 

Then 1 + (p, - V)/(1 + B~!) = 1-000 000 834 

Hence p, = (—0:805 488 990, —0-549 946 420, —0-220 785 921) 


Step 5. From page B57, the precession and nutation matrix R is given by: 
+0:999 999 94 +0-000 309 81 +0-000 134 58 


R = | —0:000 309 82 +0-999 99995 +0-000 037 00 
—0:000 13457 —0-000 03704 +0-999 999 99 
Hence P3 = R pp = (—0:805 689 04, —0-549 705 01, —0-220 657 15) 


Step 6. Converting to spherical coordinates 
oa 148 ey 13818 6 = —12° 44’ 51°5 


The geometric distance between the Earth and Venus at time t = JD 245 1116-5 is 
the value of P = 1-715 695 583 au in the first iteration in Step 2, where t = 0. The 
light path distance between the Earth at time t and Venus at time (t — t) is the value 
of P = 1:715 693 770 au in the final iteration in Step 2, where t = 04009 909 02. 
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Solar reduction 


The method for solar reduction is identical to the method for planetary reduction, 
except for the following differences: 


In Step 2 set Q, = S, and hence P = S,(t — t) — E,(t). Calculate the light time (t) by 
iteration from t = P/c and form the unit vector p only. 


In Step 3 setp, = psince there is no light deflection from the centre of the Sun’s disk. 


Stellar reduction 


The method for planetary reduction may be applied with some modification to the 
calculation of the apparent places of stars. 


The barycentric direction of a star at epoch TDB is calculated from its right ascension, 
declination and space motion for the standard equator and equinox of J2000-0 on the 
FKS system. A concise method of conversion from B1950-0 on the FK4 system to 
J2000-0 on the FK5 system is given on page B42. 


The main modifications to the planetary reduction in the stellar case are: in Step 1, 
the distinction between TDB and TDT is not significant; in Step 2, the space motion 
of the star is included but light time is ignored; in Step 3, the relativity term for light 
deflection is modified to the asymptotic case where the star is assumed to be at infinity. 


Formulae and method for stellar reduction 

The steps in the stellar reduction are as follows: 

Step [. Set TDB = TDT 

Step 2. Obtain the Earth’s barycentric position E, in au and velocity E, in au/d, 
at coordinate time t = TDB referred to the equator and equinox of J2000-0. 

The barycentric direction (q) of a star at epoch J2000-0, referred to the standard 
equator and equinox of J2000-0, is given by: 

q = (COS %& COS do, SiN a COS do, Sin do) 

where a and 0p are the right ascension and declination for the equator, equinox and 


epoch of J2000-0. 


The space motion vector m = (m,,my,m,) of the star expressed in radians per 
century, is given by: 


My = —[y COS dg SINKH — Ms SINdy9 COSa + UTCOS dy COS A 
My = Uz COS dy COS% — 5 SIN do Sina) + VTCOS do SiN a 
m= [5 COS 09 + v7 sin do 


where these expressions take into account radial velocity (v) in au/century 
(1 km/s = 21-095 au/century), measured positively away from the Earth, as well 
as proper motion (j1,, Ws) in right ascension and declination in radians/century, and x 
is the parallax in radians. 


Calculate P, the geocentric vector of the star at the required epoch, from: 
P=q+Tm—-zE, 


where T = (JD — 245 1545-0)/36 525, which is the interval in Julian centuries from 
J2000-0, and JD is the Julian date to one decimal of a day. 
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Formulae and method for stellar reduction (continued) 


Form the heliocentric position of the Earth (E) from: 
E=E,-—S8, 
where S, is the barycentric position of the Sun at time t. 


Form the geocentric direction (p) of the star and the unit vector (e) from p = P/|P| 
and e = E/|E|. 


Step 3. Calculate the geocentric direction (p,;) of the star, corrected for light 
deflection in the natural frame, from: 
Pi = p+ (2u/c°E)(e — (p- e)p)/(1 + pe) 
where the dot indicates a scalar product, :/c? = 9:87 x 10~? au and E = |E|. Note that 
the expression is derived from the planetary case by substituting q = p in the small 
term which allows for light deflection. 


The vector p; is a unit vector to order p/c’. 


Step 4. Calculate the proper direction (py) in the geocentric inertial frame, that is 
moving with the instantaneous velocity (V) of the Earth relative to the natural frame, 


from: 
P2 = (B'p, + (1 + (p, - V)/C. + B"))V)/(. + py: V) 


where V = E,/c = 0-005 7755 E, and B = (1 —V*)~!/”; the velocity (V) is expressed in 
units of velocity of light and is equai to the Earth’s velocity in the barycentric frame 
to order V?. 


Step 5. Apply precession and nutation to the proper direction (p,) by multiplying 
by the rotation matrix (R), given on the odd pages B45 to B59, to obtain the apparent 
direction (p3) from: 


Pp; = Rp, 


using row by column multiplication. 


Step 6. Convert to spherical coordinates («, 5) using: « = tan!(y/é), 6 =sin '¢ 
where p; = (€,n,¢) and the quadrant of « is determined by the signs of € and y. 


Example of stellar reduction 


Calculate the apparent position of a fictitious star on 1998 January 1 at 0" TDT. The 
mean right ascension (a), declination (do), centennial proper motions (l,, 5), parallax 
(z) and radial velocity (v) of the star at the standard equator and equinox of J2000-0 
are given by: 
ay = 14 39™ 363087 69 = —60° 50’ 07"'14 mt = (0752 = 3-6458 x 10-6 rad 
Hy = —49-486 s/cy Hs = +69-60" /cy v= —22:2km/s 

=—0-003 598 723 rad/cy, =+0-000 337 430 rad/cy,vm = —0-001 707 357 rad/cy 


Step 1. TDB = TDT = JD 245 0814-5 


Step 2. Tabular values of E,, E, and S,, taken from the JPL DE200/LE200 
barycentric ephemeris referred to J2000-0, are: 


Vector Julian date Rectangular components 
(TDB) x y Zz 
E, 245 0814-5 —()*185 319 191 +0-890 552 107 +0-386 322 075 
E, 245 0814-5 —0-017 211 170 —0-002 918 438 —0-001 264 612 


S; 245 0814-5 —0-007 956 161 +0:003 160 102 +0-001 585 443 
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Example of stellar reduction (continued) 
From the positional data, calculate: 


q = (—0-373 854 098, —0:312 594 565, —0-873 222 624) 
m = (—0-000 712 685, +0-001 690 102, +0-001 655 339) 


Form P=q+Tm—ZzE, = (—0-373 839 169, —0-312 631 613, —0-873 257 140) 
where T = (245 0814-5 — 245 1545-0)/36 525 = —0-020 000 000, 
and form E = E, —S, = (—0-177 363 030, +0-887 392 005, +0-384 736 632), 

E = 0-983 333 357 


Hence the unit vectors are: 
p = (—0:373 825 659, —0:312 620 315, —0-873 225 581) 
e = (—0-180 369 179, +0-902 432 526, +0:391 257 582) 


Step 3. Calculate the scalar product p-e = —0-556 348 244, then 
(2u/c’E)(e — (p- e)p)/(1 + p- e) = (—0-000 000 018, +0-000 000 033, —0-000 000 004) 
and p, = (—0-373 825 676, —0-312 620 282, —0-873 225 585) 
Step 4. 


Calculate’V = 0-005°7755 E, = (—0-000 099 403, —0-000 016 855, —0-000 007 304) 
where E, is taken from the table in Step 2. 


Then V = 0-000 101 087, B = 1-000 000 005 and B-! = 0-999 999 995 
Calculate the scalar product p, - V = +0-000 048 807 

Then 1 + (p, - V)/(1 + B~!) = 1-000 024 403 

Hence p, = (—0-373 906 831, —0-312 621 879, —0-873 190 267) 


Step 5. From page B45, the precession and nutation matrix R is given by: 
+0-999 999 87 +0-000 466 30 +0-000 202 61 


R = | —0-000 466 31 +0-999 999 89 +0-000 045 91 
—0-000 202 59 —0-000 046 00 +0-999 999 98 
Hence p; = Rp» = (—0-374 229 48, —0-312 487 57, —0-873 100 12) 


Step 6. Converting to spherical coordinates: 
a = 145 39™ 268981 6 = —60° 49’ 1530 
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Conversion of stellar positions and proper motions from the standard epoch B1950-0 to the 
standard epoch J2000-0 


A matrix method for calculating the mean place of a star at J2000-0 on the FK5 system 
from the mean place at B1950-0 on the FK4 system, ignoring the systematic corrections 
FK5-—FK4 and individual star corrections to the FKS, is as follows: 


1. From a star catalogue obtain the FK4 position (a, 60), in degrees, proper motion 
(x0, 460) in seconds of arc per tropical century, parallax (zo) in seconds of arc and radial 
velocity (vo) in km/s for B1950-0. If zo or vp are unspecified, set them both equal to zero. 


2. Calculate the rectangular components of the position vector ro and velocity vector fo 
from: 

COS X& COS dg —[lyo SIN %& COS dg — [59 COS & SiN do 

Io = | Sina cos do y= Lx0 COS 9 COS 6p — Lao SIN & SiN do | + 21-095 v9 29 Fo 

sin do Ls0 COS 00 


3. Remove the effects of the E-terms of aberration to form r; and fr, from: 


ry =r —A+ (ro: A)ro 


tf) =to —A+ (to: A)ro 
—1:625 57 +1245 
where A = | —0-319 a x 10-° radians, A= “10 x 10> per tropical cy. 
—0-138 43 —0'659 


The terms (ro - A) and (ro - A) are scalar products. 


4. Form the vector Ry = bl and calculate the vector R = he from: 


5 R= MR, 
where M is a constant 6 x 6 matrix given by: 
+0:999 925 6782 —0-011 182 0611 —0-004 857 9477 +0-000 002 423 950 18 —0-000 000 027 106 63 —0-000 000 011 776 56 


+0-011 182 0610 +0-999 937 4784 —0-000 027 1765 +0-000 000 027 106 63 +0-000 002 423 978 78 —0-000 000 000 065 87 
+0-004 857 9479 —0-000 027 1474 +0-999 988 1997 +0-000 000 011 776 56 —0-000 000 000 065 82 +0-000 002 424 101 73 


—0:000 551 —0:238 565 +0:435 739 +0:999 947 04 —0-011 182 51 —0-004 857 67 
+0:238 514 —0:002 667 —0:008 541 +0-011 182 51 +0:999 958 83 —0-000 027 18 
—0:435 623 +0:012 254 +0-002 117 +0:004 857 67 —0:000 027 14 +1-000 009 56 


and set (x, y,z, x,y,z) =R’. 
5. Calculate the FKS mean position (a), 61), proper motion (1, M51) in seconds of arc 


per Julian century, parallax (7;) in seconds of are and radial velocity (v,) in km/s for 
J2000-0 from: 


COS a, cosd; = x/r sin a cos6, = y/r site) =<) 7 


Mar = (xP —YX)/OP +97) por = [20? + y?) — 20k + yP))/PP? (0? + y?)"?7] 
vy = (xx + py + 2Z)/(21-095 zor) Tt = O/T 
where r = (x? + y? 4. 2?)!/2, 
If zo is zero set v; = vo. 
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Conversion of stellar positions and proper motions from the standard epoch J2000-0 to the 
standard epoch B1950-0 


A matrix method for calculating the mean place of a star at B1950-0 on the FK4 system 
from the mean place at J2000-0 on the FKS system, ignoring the systematic corrections 
FK4-FKS and individual star corrections to the FK4, is as follows: 


1. From a star catalogue obtain the FKS position (a, do), in degrees, proper motion 

(Leos L430) in seconds of arc per Julian century, parallax (zo) in seconds of arc and radial 

velocity (vo) in km/s for J2000-0. If 20 or vp are unspecified, set them both equal to zero. 

2. Calculate the rectangular components of the position vector ro and velocity vector ito 
from: 

COS %& COS do —Ly0 SIN & COS dg — L150 COS HX SiN dg 

To = | Sina cos do fo = Lao COS X% COS dp — L509 SIN aH Sin do 

sin do 50 COS 60 


+ 21:095 v9 20 Fo 


3. Form the vector Ro = be and calculate the vector R, = ee from: 


R; = M'Ro 
where M7! is a constant 6 x 6 matrix given by: 
+0-999 925 6795 +0-011 181 4828 +0-004 859 0039 —0-000 002 423 898 40 —0:000 000 027 105 44 —0:000 000 011 777 42 


—0-011 181 4828 +0-999 937 4849 —0-000 027 1771 +0-000 000 027 105 44 —0:000 002 423 927 02 +0-000 000 000 065 85 
—0-:004 859 0040 —0-000 027 1557 +0-999 988 1946 +0-000 000 011 777 42 +0-000 000 000 065 85 —0-000 002 424 049 95 


—0-000 551 +0:238 509 —0:435 614 +0:999 904 32 +0:011 181 45 +0:004 858 52 
—0:238 560 —0:002 667 +0-012 254 —0:011 181 45 +0:999 916 13 —0-000 027 17 
+0:435 730 —0:008 541 +0-002 117 —0-004 858 52 —0-000 027 16 +0:999 966 84 


4. Include the effects of the E-terms of aberration as follows: Form s; = r;/r; and 
§, =41/r; where r; = (x? + y? +.27)'/”. 

Set s = s; and calculate r from r = s; + A —(s- A)s, where 

—1:625 57 


—0-319 q x 10~° radians, 
—0-138 43 


‘Age= 


and (s- A) is a scalar product. 

Set s=r/r and iterate the expression for r once or twice until a consistent value for r is 
obtained, then calculate: 

+1/245 

—1'580 | x 107? per tropical cy 
—0659 

5. Calculate the FK4 mean position (a, 61), proper motion (41, 451) in seconds of arc 
per tropical century, parallax (;) in seconds of arc and radial velocity (v;) in km/s for 
B1950-0, as follows: 


Set (x,y,z)=r (x j,2) =" and r=(x?+y?+27)!? 


t=s, +A—(s-A)s where A= 


Then COS a, cosd; = x/r sin %, cosd; = y/r sind, = z/r 
ba = (xy —yX)/0OP +y?) par = [2(x? + y?) — 26% + yO? + 7)'7] 


In step 4 set , paar hee, ¥5 
(y= (pI,2) =, and rm =(xt+yjp +27)" 


then Vy = (x1 %1 + yyy + 2121)/(21-095 7071) m = 10/11 


If mo is zero set vj = Uo. 


B44. POSITION AND VELOCITY OF THE EARTH, 1998 


ORIGIN AT SOLAR SYSTEM BARYCENTRE 
MEAN EQUATOR AND EQUINOX J2000-0 


ajo x. Y Z Xi Y vA 
Jan —0-168 080 801 +0-893 331 632 +0-387 526 511 -—1726 4654 — 264 0436 — 114 4189 


-185 319 191 890 552 107 386 322 075 1721 1170 291 8438 126 4612 
202 501 240 -887 495 138 384 997 442 1715° 1983 319 5294 138 4571 
219 621 289 884 161 959 -383 553 109 1708 7191 347 0833 150 4001 
‘236,673 793 880 553 959 381 989 637 1701 6914 374 4911 162 2839 


0 
1 
2 
3 
4 
5 —0-253 653 334 +0-876 672 662 +0-380 307 643 -—1694 1288 — 401 7412 — 174 1037 
6 -270 554 632 -872 519 688 -378 507 790 1686 0451 428 8254 185 8554 
W -287 372 543 -868 096 726 -376 590 773 1677 4535 455 7381 197. 5359 
8 +304 102 049 -863 405 507 -374 557 316 1668 3660 482 4763 209 1432 
9 +320 738 242 -858 447 786 -372 408 159 1658 7925 $09 0387 220 6757 


10 —0-337 276 305 +0-853 225 318 +0-370 144 055 —1648 7409 — 535 4255 — 232 1325 
11 353 711 484 847 739 859 367 765 764 1638 2165 561 6372 243 5129 
12 370 039 070 841 993 155 365 274 054 1627 2223 587 6743 254 8161 
13 386 254 368 *835 986 955 362 669 701 1615 7592 613 5364 266 0414 
14 -402 352 689 829 723 016 359 953 491 1603 8264 639 2218 277 1873 


15 —0-418 329 326 +0-823 203 120 +0-357 126 225 —1591 4223 — 664 7272 — 288 2523 
16 -434 179 556 816 429 089 354 188 724 1578 5447 690 0477 299 2339 
17 -449 898 636 809 402 802 -351 141 834 1565 1918 715 1773 310 1295 
18 -465 481 803 802 126 204 347 986 431 1551 3620 740 1086 320 9360 
19 -480 924 283 -794 601 318 344 723 422 1537 0543 764 8335 331 6501 


20 —0-496 221 295 +0-786 830 249 +0-341 353 748 -—1522 2682 — 789 3436 — 342 2684 
21 -511 368.052 -778 815 191 337 878 386 1507 0033 813 6299 352 7872 
22 526 359 765 -770 558 428 334 298 348 1491 2596 837 6830 363 2028 
23 -541 191 646 *762 062 342 330 614 687 1475 0368 861 4928 3735142 
24 ‘555 858 903 -753 329 419 326 828 496 1458 3347 885 0484 383 7082 


25 —0-570 356 743 +0-744 362 262 +0-322 940 911 —1441 1535 — 908 3374 — 393 7891 
26 -584 680 377 -735, 163 607 “318"953 119 1423 4938 931 3457 403 7486 
27 598 825 033 “725 736 338 314 866 363 1405 3584 954 0572 413 5808 
28 -612 785 976 ‘716 083 509 310 681 950 1386 7524 976 4546 423 2791 
29 626 558 541 -706 208 353 306 401 250 1367 6848 998 5198 432 8368 


30 —0-640 138 178 +0-696 114 278 +0-302 025 704 —1348 1691 —1020 2357 — 442 2473 


31 -653 520 486 685 804 851 -297 556 815 1328 2221 1041 5879 451 5047 
Feb. 1 -666 701 247 -675. 283 767 292 996) 136 1307 8631 1062 5658 460 6045 
2 679 676 441 664 554 805 288 345 262 287 1120 1083 1630 469 5434 
3 692 442 243 653 621 786 283 605 811 1265 9877 1103 3768 478 3197 
4 —0-704 995 007 +0-642 488 545 +0-278 779 414 —1244 5068 -—1123 2077 — 486 9324 
5 “71 7--331;.239 -631 158 901 -273 867 708 1222 6836 1142 6577 495 3815 
6 -729 447 S76 619 636 651 268 872 328 1200 5295 1161 7296 503 6672 
uf ‘741 340 757 -607 925 560 263 794 906 1178 0538 1180 4265 511 7899 
8 -753 007 604 596 029 361 258 637 072 1155 2636 1198 7513 519 7500 
9 —0-764 444 999 +0-583 951 766 +0-253 400 449 -—1132 1643 —1216 7061 — 527 5476 
10 ‘775, 649 874 ‘571 696 469 248 086 662 1108 7600 1234 2920 535 1828 
11 ‘786 619 193 *999 7267" 195 242 697 336 1085 0536 1251 5093 542 6552 
12 -797 349 947 546 667 515 237 234 103 1061 0475 1268 3569 549 9642 
13 -807 839 149 -533 901 256 231 698 601 1036 7434 1284 8326 557 1086 


14 —0-818 083 830 +0-520 972 114 +0-226 092 483 -—1012 1435 -—1300 9329 — 564 0872 
15 —0-828 081 040 +0-507 883 863 +0-220 417 415 — 987 2499 —1316 6537 — 570 8982 


X,Y, Z are in units of 10° au/d. 


Julian 
Date 
245 
0813-5 
0814-5 
0815-5 
0816-5 
0817-5 


0818-5 
0819-5 
0820:5 
0821-5 
0822:5 


0823-5 
0824-5 
0825:°5 
0826°5 
0827-5 


0828-5 
0829-5 
0830-5 
0831-5 
0832:5 


0833-5 
0834-5 
0835°5 
0836°5 
0837-5 


0838-5 
0839-5 
0840-5 
0841-5 
0842-5 


0843-5 
0844-5 
0845-5 
0846:5 
0847-5 


0848-5 
0849-5 
0850:5 
0851-5 
0852°5 


0853-5 
0854-5 
0855-5 
0856-°5 
0857-5 


0858-5 
0859-5 


R,,-1 


= 5 
13 
13 
13 
13 


=- 8 
13 
13 
13 
AS 


= 6 
13 
12 
12 
12 


= 2 
12 
12 


PRECESSION AND NUTATION, 1998 


MATRIX ELEMENTS FOR CONVERSION FROM 
MEAN EQUINOX OF J2000-:0 TO TRUE EQUINOX OF 


Ry» 


+ 46 729 
46 630 
46 551 
46 492 
46 449 


+ 46 414 
46 376 
46 325 
46 257 
46 169 


+ 46 066 
45 956 
45 847 
45 746 
45 660 


+ 45 591 
45 538 
45 498 
45 466 
45 437 


+ 45 406 
45 367 
45 316 
45 250 
45 169 


+ 45 074 
44 971 
44 868 
44 775 
44 701 


+ 44 649 
44 618 
44 598 
44 579 
44 549 


+ 44 502 
44 437 
44 356 
44 267 
44 178 


+ 44 095 
44 024 
43 969 
43 931 
43 907 


+ 43 892 
+ 43 883 


Ry 


20 304 
20 261 
20 227 
20 201 
20 183 


20 167 
20 151 
20 129 
20 099 
20 061 


20 016 
19 968 
19 921 
19 877 
19 840 


19 810 
19 787 
19 769 
USS) 
19 743 


129 
9) 72 
19 690 
19 661 
19 626 


19 585 
19 540 
19 496 
19 455 
19 423 


19 401 
19 387 
19 378 
19 370 
19 357 


19 336 
19 308 
19 273 
192335 
19 196 


19 160 
19 129 
19 105 
19 088 
19 078 


19 072 
19 067 


Values are in units of 10°. 


Rx 


46 730 
46 631 
46 551 
46 493 
46 450 


46 415 
46 377 
46 326 
46 257 
46 170 


46 067 
45 957 
45 848 
45 747 
45 661 


45 592 
45 539 
45 499 
45 467 
45 438 


45 407 
45 367 
45 316 
45 251 
45 169 


45 075 
44 972 
44 869 
44 776 
44 702 


44 650 
44 619 
44 599 
44 579 
44 549 


44 503 
44 438 
44 357 
44 268 
44 178 


44 095 
44 025 
43 970 
43 932 
43 907 


43 893 
43 884 


Ry-1 


— iil 
11 
11 
11 
11 


= Oli 
11 
il 
11 
11 


= Gi 
11 
11 
11 
11 


= #0) 


Ry 


+4612 
4591 
4566 
4543 
4526 


+4518 
4519 
4528 
4540 
4550 


+4556 
4554 
4543 
4526 
4503 


+4478 
4454 
4434 
4419 
4409 


+4406 
4408 
4412 
4418 
4422 


+4421 
4412 
4394 
4368 
4337 


+4306 
4280 
4263 
4257 
4259 


+4266 
4273 
4276 
4272 
4261 


+4242 
4218 
4192 
4166 
4142 


+4124 
+4112 


Rs 


20 302 
20 259 
20225 
20 199 
20 181 


20 165 
20 149 
20 127 
20 097 
20 059 


20 014 
19 966 
195919 
19 875 
19 838 


19 808 
19 785 
19 767 
NS) 7633 
19 741 


OM 27 
19 710 
19 688 
19 659 
19 624 


19 583 
19 538 
19 494 
19 453 
19 421 


193399 
19 385 
19 376 
19 368 
19 355 


19 334 
19 306 
LoD 
19 233 
19 194 


19 158 
1) S27 
19 103 
19 086 
19 076 


19 070 
19 066 


NNNNNW NNNNNY NNNNNY NNNNN NNNNN NNNNNY NNNNN NNNNNY NNNNNYV 


NN 


B46 


Date 
0" TDB 


Feb. 


Mar. 


Apr. 


15 
16 


16 


31 


1 
2 


POSITION AND VELOCITY OF THE EARTH, 1998 


— 0-828 
837 
847 
856 
865 


— 0-874 
882 
-890 
-898 
-906 


— 0-913 
-920 
2927 
-934 
940 


— 0-946 
E052 
-957 
962 
967 


=0-971 
976 
-980 
-983 
987 


— 0-990 
-992 
“995 
997 

0-999 


— 1-000 
1-002 
1-003 
1-003 
1-004 


~ 1-004 
1-004 
1-003 
1-002 
1-001 


— 1-000 
0-998 
996 
994 
-991 


— 0-988 
— 0-985 


ORIGIN AT SOLAR SYSTEM BARYCENTRE 
MEAN EQUATOR AND EQUINOX J2000-0 


040 
856 
381 
747 
123 


711 
751 
519 
334 
568 


669 
188 
830 
489 
284 


570 
929 
139 
137 
983 


834 
HY 
525 
990 
693 


049 
509 
557 
706 
508 


547 
450 
882 
3517 
235 


728 
905 
706 
157 
406 


755 
704 
983 
558 
621 


549 
859 


+0-219 135 
-203 705 
188 216 


157 076 


+0-141 436 
1250753 
-110 034 
094 283 
078 504 


+0-062 701 
046 879 
031 043 

+ <O1Se197 

— -000 653 


—0-016 505 
032 353 
048 191 
064 016 
079 822 


—0-095 604 
111 358 
1278077 
-142 757 
158 393 


—0-173 980 
—0-189%512 


x2 


863 
323 
369 
934 
014 


670 
041 
347 
906 
150 


639 
076 
298 
262 
999 
568 
006 
289 
317 
903 


780 
615 
013 
535 
704 


018 
956 
988 
586 
230 


413 
650 
484 
487 
727 


499 
113 
780 
630 
702 


948 
258 
493 
548 
395 


128 
981 


+0-220 
214 
-208 
-202 
197 


+0-191 
185 
178 
BL//4 
-166 


+0-160 
“153 
“147 
141 
“134 


+ 0-128 
BPA 
a5 
-108 
101 


+ 0-095 
-088 


— 0-041 
048 
054 
‘061 
:068 


— 0-075 
— 0-081 


Z 


417 415 
675 085 
867 197 
995 480 
061 687 


067 593 
015 003 
905 750 
741 702 
524 767 


256 899 
940 102 
576 432 
167 987 
716 902 


2257323 
695 399 
129 263 
529 026 
896 773 


234 567 
544 445 
828 427 
088 518 
326 708 


544 978 
745 302 
929 650 
099 991 
258 294 


406 531 
546 679 
680 724 
810 659 
061 512 


9539771 
804 082 
670 389 
530 606 
382 621 


224 289 
053 443 
867 905 
665 502 
444 087 


201 551 
935 832 


+ 
+ 


x 
987 
962 


2499 
0651 


936» 5920 


910 
884 


858 
831 
805 
777 
750 


303 
332 


Z are in units of 10° au /d. 


8340 
7945 


4771 
8855 
0234 
8957 
5085 


8707 
9949 
8983 
6020 
1295 


5042 
7474 
8770 
9070 
8483 


7091 
4960 
2142 
8684 
4624 


9997 
4837 
9177 
3048 
6486 


9530 
2219 
4598 


2 6712 


8612 


9648 
8007 
6387 
4686 
2767 


0453 
7528 
3754 
8896 
2747 


5143 
5967 


¥ 
~1316 
1331 
1346 


1361 
1375 


1389 
1402 
1415 
1428 
1440 

—1451 
1462 
1473 
1483 
1492 


—1501 
1510 
1518 
1526 
1533 


—1539 
1546 
1551 
1557 
1561 


— 1566 
1570 
1573 
1576 
1579 


=1581 
1582 
1584 
1584 
1585 


— 1585 
1584 
1583 
1581 
1579 


=1576 
IBY) 
1570 
1565 
1561 


550 
—1550 


6537 
9897 
9355 
4849 
6315 


3682 
6873 
5796 
0348 
0405 


5832 
6488 
2241 
2992 
8690 


9332 
4962 
5653 
1489 
25511 


8916 
0647 
7797 
0406 
8506 


2120 
1260 
5930 
6127 
1837 


3044 
9724 
1847 
9378 
2274 


0485 
3945 
2578 
6295 
5007 


8634 
7128 
0491 
8779 
2097 


0576 
4357 


Z 
570 
577 
584 


590 
596 


602 
608 
613 
619 
624 


629 
634 
638 
643 
647 


651 
654 
658 
661 
664 


667 
670 
672 
675 
677 


679 
680 
682 
683 
684 


685 
686 
686 
687 
687 


687 
686 
686 
685 
684 
683 
682 


680 6 


678 
676 


674 
672 


Julian 
Date 
245 
0859-5 
0860-5 
0861-5 
0862-5 
0863-5 


0864-5 
0865:5 
0866-5 
0867-5 
0868-5 


0869-5 
0870-5 
0871-5 
0872-5 
0873-5 


0874-5 
0875-5 
0876:5 
0877-5 
0878-5 


0879-5 
0880:5 
0881-5 
0882-5 
0883-5 


0884-5 
0885-5 
0886-5 
0887-5 
0888-5 


0889-5 
0890-5 
0891-5 
0892-5 
0893°5 


0894-5 
0895:5 
0896:5 
0897-5 
0898-5 


0899-5 
0900-5 
0901-5 
0902-5 
0903-5 


0904-5 
0905-5 


PRECESSION AND NUTATION, 1998 


MATRIX ELEMENTS FOR CONVERSION FROM 


B47 


MEAN EQUINOX OF J2000:0 TO TRUE EQUINOX OF DATE 


Ry-1 


19 067 
19 063 
19 056 
19 044 
19 027 


19 003 
18 974 
18 940 
18 904 
18 870 


18 842 
18 823 
18 814 
18 812 
18 812 


18 809 
18 798 
18 779 
18 752 
18 721 


18 688 
18 658 
18 633 
18 614 
18 602 


18 596 
18 594 
18 595 
18 597 
18 596 


18 591 
18 580 
18 563 
18 540 
18 512 


18 481 
18 451 
18 424 
18 405 
18 394 


18 391 
18 393 
18 394 
18 388 
18 372 


18 347 
18 316 


Values are in units of 1 


43 884 
43 874 
43 857 
43 831 
43 791 


43 737 
43 669 
43 590 
43 508 
43 430 


43 366 
43 322 
43 302 
43 297 
43 297 


43 290 
43 265 
43 220 
43 159 
43 086 


43 012 
42 942 
42 884 
42 841 
42 813 


42 799 
42 796 
42 799 
42 802 
42 800 


42 788 
42 763 
42 724 
42 671 
42 607 


42 536 
42 467 
42 406 
42 360 
42 336 


42 330 
42 334 
42 336 
42 322 
42 286 


42 228 
42 156 


So oo oonononou oononuono onnunnnou onnnnon OCOODODnnoO OOOO OD OO 0 OO 


—8 


R 23 


Rs 


19 066 
19 061 
19 054 
19 043 
19 025 


19 002 
18 972 
18 938 
18 902 
18 868 


18 840 
18 822 
18 813 
18 811 
18 811 


18 807 
18 796 
LS 
18 750 
18 719 


18 686 
18 656 
18 631 
18 612 
18 600 


18 594 
18 593 
18 594 
18 595 
18 594 


18 589 
18 578 
18 561 
18 538 
18 510 


18 479 
18 449 
18 423 
18 403 
18 392 


18 390 
18 392 
18 392 
18 386 
18 370 


18 345 
18 314 


Rx 


—4121 
4115 
4114 
4118 
4123 


— 4128 
4130 
4126 
4113 
4093 


— 4066 
4036 
4010 
3992 
3986 


—3990 
4000 
4013 
4022 
4025 


— 4021 
4009 
3992 
3972 
3952 


—3934 
3921 
3915 
3914 
3919 


3929 
3942 
3955 
3965 
3971 


=3 9/0 
3961 
3946 
3926 
3906 


38892 
3889 
3898 
3916 
3938 


3959 
3973 


R31 
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May 


16 
17 


POSITION AND VELOCITY OF THE EARTH, 1998 


—0-774 
763 
“152 
‘741 
729 


02717 
705 
693 
-680 
668 


=0:655 
642 
629 
“615 
602 


— 0-588 
—0-574 


ORIGIN AT SOLAR SYSTEM BARYCENTRE 
MEAN EQUATOR AND EQUINOX J2000-0 


655 
603 
352 
905 
266 


438 
426 
232 
861 
315 


600 
718 


549 
859 
166 
148 
527 


058 
521 
718 
479 
651 


106 
732 
444 
172 
877 


542 
185 
863 
675 
777 


392 
831 
519 
027 
106 


708 
996 
324 
201 
238 


106 
496 
104 
615 
708 


050 
303 
123 
161 
064 


471 
016 
331 
046 
799 


247 
071 


Ni 7/3) 
189 
-204 
-220 
285) 


= 0-251 
266 
281 
296 
Silt 


— 0-326 
-340 
309) 
370 
384 


— 0-398 
“413 
427 
44] 
“455 


— 0-468 
-482 
“495 
509 
“522 


=0:535 
547 
-560 
“S18 
585 


=. 0:597 
“609 
621 
633 
644 


— 0-655 
-666 
677 
688 
698 


— 0-709 
“119 
-729 
738 
748 


—0-757 439 
— 0-766 461 


128 
981 
321 
645 
553 


735 
957 
046 
885 
402 


566 
375 
856 
048 
004 


716 
414 
953 
409 
771 


990 
976 
594 
671 
022 
486 
974 
521 
322 
746 


337 
791 
935 
707 
135 


326 
455 
762 
543 
143 


951 
393 
919 
998 
104 


714 
294 


— 0-075 
081 
088 
-095 
101 


— 0-108 
ANS 
“124 
128 
134 


— 0-141 
147 
1538) 
-160 
166 


= On 12 
178 
184 
“191 
197 


— 0-202 
-208 
214 
:220 
226 


= 0-231 
2311, 
242 
248 
253 


— 0-258 
264 
-269 
274 
279 


— 0-284 
288 
293 
298 
-302 


— 0-307 
“Sil 
“315 
“320 
“324 


— 0-328 
—0:332 


Z 


201 
935 
644 
326 
979 


601 
190 
744 
262 
741 


181 
578 
932 
241 
502 


715 
877 
987 
043 
044 


987 
871 
694 
454 
150 


780 
342 
834 
255 
603 


877 
075 
196 
238 
200 


081 
880 
595 
226 
770 


227 
596 
875 
064 
162 


166 
077 


551 
832 
916 
834 
655 


485 
458 
733 
493 
944 


306 
819 
735 
Sly) 
836 


573 
807 
824 
903 
321 


348 
242 
248 
602 
536 
288 
123 
347 
320 
467 


275 
290 
107 
370 
Si 


982 
790 
955 
278 
583 


719 
BR)! 
967 
860 
140 


719 
SN 


x 
+ 303 5143 
332 5967 
361 5139 


390 2609 
418 8339 


+ 447 2302 
475 4473 
503 4827 
531 3344 
559 0000 


+ 586 4776 
613 7651 
640 8604 
667 7612 
694 4649 


+ 720 9685 
747 2685 
773 3609 
799 2407 
824 9019 


+ 850 3367 
875 5352 
900 4844 
925 1681 
949 5670 


ae 91626599 
997 4265 
1020 8492 
1043 9151 
1066 6162 


+1088 9487 
1110 9116 
1132 5054 
1153 7310 
1174 S893 


+1195 0812 
1215 2072 
1234 9679 
1254 3637 
1273 3951 


+1292 0629 
1310 3675 
1328 3091 
1345 8873 
1363 1011 


+1379 9481 
+1396 4250 


X,Y, Z are in units of 10°° au/d. 


y 
—1556 0576 
1550 4357 
1544 3574 


1537 8341 
1530 8757 


—1523 4902 
1515 6846 
1507 4646 
1498 8353 
1489 8010 


—1480 3651 
1470 5306 
1460 2995 
1449 6732 
1438 6522 


—1427 2364 
1415 4250 
1403 2164 
1390 6081 
1377 5969 


—1364 1788 
1350 3494 
1336 1045 
1321 4411 
1306 3597 


—1290 8649 
1274 9666 
1258 6794 
1242 0203 
1225 0070 


—1207 6561 
1189 9818 
1171 9961 
1153 7088 
1135 1285 


—1116 2625 
1097 1174 
1077 6990 
1058 0129 
1038 0636 


—1017 8552 
997 3907 
976 6723 
955 7013 
934 4779 


ols, 0018 
e091) 2718 


6212 
2014 
5826 
7688 
7639 


5710 
1928 
6319 
8903 
9701 


8730 
6005 
1537 
5338 
7415 


7772 
6412 
3334 
8537 
2012 


8752 
3743 
1975 
8438 
3135 


6080 
7308 
6866 
4817 
1225 


6149 
9646 
1763 
2542 
2018 


0223 
7189 
2942 
7508 
0911 


S72 
4309 
4337 
3268 
1110 


395 7869 
386 3546 


Julian 
Date 
245 
0904-5 
0905-5 
0906-5 
0907:°5 
0908-5 


0909-5 
0910-5 
0911-5 
0912-5 
0913-5 


0914-5 
0915-5 
0916-5 
0917°5 
0918-5 


0919-5 
0920-5 
0921-5 
0922-5 
0923-5 


0924-5 
0925-5 
0926:°5 
0927°5 
0928-5 


0929-5 
0930-5 
0931-5 
0932:°5 
0933-5 


0934-5 
0935°5 
0936:5 
0937°5 
0938-5 


0939-5 
0940-5 
0941-:5 
0942:°5 
0943-5 


0944-5 
0945-5 
0946-5 
0947-5 
0948-5 


0949-5 
0950-5 


PRECESSION AND NUTATION, 1998 


MATRIX ELEMENTS FOR CONVERSION FROM 


B49 


MEAN EQUINOX OF J2000:0 TO TRUE EQUINOX OF DATE 


Ry,-1 


| 
11 
11 


Rx 


Ry 


18 347 
18 316 
18 282 
18 250 
18 222 


18 201 
18 186 
18 178 
18 174 
18 173 


18 173 
18 170 
18 164 
18 152 
18 134 


18 109 
18 079 
18 046 
18 012 
17 981 


17 956 
HOP SIsi7) 
17 927 
17 923 
17 920 


172912 
17 895 
17 868 
17 831 
17 790 


17 749 
ETAL 
17 681 
17 658 
17 641 


17 629 
17 621 
17 614 
17 605 
17 593 


STS: 
17 551 
17 520 
17 484 
17 444 


17 403 
17 363 


Values are in units of 1 


Rx 


42 228 
42 156 
42 079 
42 005 
41 941 


41 892 
41 858 
41 839 
41 831 
41 829 


41 828 
41 823 
41 808 
41 781 
41 738 


41 681 
41 612 
41 536 
41 459 
41 387 


41 328 
41 287 
41 263 
41 253 
41 246 


41 228 
41 190 
41 127 
41 043 
40 949 


40 854 
40 769 
40 698 
40 643 
40 604 


40 578 
40 559 
40 542 
40 523 
40 495 


40 454 
40 399 
40 328 
40 244 
40 151 


40 056 
39 966 


Ry»~-1 


9 
9 
9 
9 
9 
9 
s) 
9 
9 
9 
9 
9 
$ 
s 
9 
9 
9 
9 
9 
) 
s) 
9 
9 
y) 
9 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
oC. 


Ro 


Rx 


18 345 
18 314 
18 280 
18 248 
18 221 


18 199 
18 184 
18 176 
18 172 
18 172 


18 171 
18 169 
18 162 
18 150 
18 132 


18 107 
18 077 
18 044 
18 010 
174979 


17 954 
17 936 
17 926 
17 921 
17 918 


17 910 
17 893 
17 866 
17 830 
17 789 


17 748 
TAS 
17 680 
17 656 
17 639 


17 628 
17 619 
17 612 
17 604 
7 Sei 


17 574 
17 550 
17 519 
17 482 
17 442 


17 401 
17 362 


R 32 


= Subs) 
3973 
3980 
3979 
3971 


— 3960 
3948 
3938 
3933 
3933 


=23959 
8952 
3969 
3989 
4010 


~4029 
4044 
4052 
4053 
4047 


— 4036 
4024 
4014 
4013 
4022 


— 4043 
4070 
4098 
4122 
4138 


—4144 
4142 
4135 
4127 
4119 


—4116 
4117 
4125 
4139 
4158 


—4180 
4203 
4225 
4242 
4253 


— 4257 
— 4253 


Ry-1 
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June 


July 
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POSITION AND VELOCITY OF THE EARTH, 1998 


ORIGIN AT SOLAR SYSTEM BARYCENTRE 
MEAN EQUATOR AND EQUINOX J2000-0 


— 0-574 
560 
546 
932 
‘S17 


— 0-502 
-488 


071 
997 
811 
378 
665 


770 
937 
573 
248 
673 


663 
092 
849 
804 
786 


578 
912 
475 
O15 
839 


822 
398 
069 
298 
513 


111 
468 
954 
946 
850 


123 
293 
981 
912 
928 
987 
154 
426 
559 
040 


696 
410 
140 
931 
909 


280 
324 


N¢ 


—0-766 461 
‘775, 264 
-783 846 
-792 204 
800 336 


— 0-808 239 
-815 910 
823 348 
830 549 
837 512 


— 0-844 234 
850 714 
856 950 
862 940 
868 683 


— 0-874 178 
879 423 


294 
299 
167 
322 
179 


158 
710 
352 
705 
540 


803 
632 
345 
429 
507 


320 
702 
572 
919 
798 


325) 
670 
053 
733 
998 


155 
518 
399 
098 
906 


106 
984 
841 
020 
926 


065 
072 
739 
037 
119 


Suid) 
111 
127 
092 
826 


222 
240 


= ()'382 
“335 
339 
343 
346 


= (073950 
353 
356 
2359) 
-362 


— 0-365 
368 
371 
95/3) 
376 


— 0-378 
381 
383 
“385 
-387 


— 0-389 
-390 
397 
-393 
“395 


— 0-396 
“Soh 
-398 
399 
-400 


— 0-401 
“401 
“402 
402 
-403 


— 0-403 
“403 
-403 
“402 
402 


— 0-402 
“401 
“401 
-400 
*399 


— 0-398 
= (0-397 


Z 


077 
893 
613 
236 
761 


186 
512 
736 
858 
877 


791 
601 
304 
902 
392 


775 
050 
216 
273 
221 


058 
786 
402 
908 
302 


585 
755 
814 
760 
593 


314 
921 
414 
794 
060 


211 
248 
171 
979 
673 


252 
718 
069 
307 
432 


444 
343 


517 
451 
442 
408 
268 


946 
380 
527 
385 
004 


497 
044 
899 
377 
849 


TST 
501 
641 
689 
208 


791 
058 
653 
244 
517 


172 
921 
479 
570 
913 


235 
265 
742 
418 
073 


519 
616 
280 
493 
306 


834 
258 
812 
aa 
474 


260 
523 


x 


+1396 
1412 
1428 
1443 
1458 


+1473 
1487 
1500 
1513 
1526 


+1538 
1550 
1561 
1572 
1582 


+1592 
1601 
1610 
1619 
1626 


+1634 
1641 
1647 
1654 
1659 


+1665 
1669 
1674 
1678 
1681 


+1684 
1687 
1689 
1690 
1692 


+1692 
1692 
1692 
1691 
1690 


+ 1688 
1685 
1682 
1679 
1675 


+1671 
+1666 


Z are in units of 10° au/d. 


4250 
5267 
2462 
5744 
4998 


0085 
0847 
TANS 
8745 
5602 


7605 
4721 
6953 
4332 
6906 


4722 
7829 
6270 
0083 
9306 


3974 
4123 
9791 
1014 
7825 


0250 
8306 
1992 
1290 
6160 


6540 
2349 
3488 
9843 
1298 


7739 
9070 
5224 
6173 
1927 


2532 
8055 
8580 
4190 
4967 


0989 
2326 


Y 
891 
869 
847 


824 
801 


778 
755 
731 
708 
684 
660 
635 
611 
586 
561 


537 
512 
486 
461 
436 


411 
385 
360 
334 
308 


283 
257 
231 
205 
179 


153 
127 
100 
74 
48 


21 

4 
31 
a7 
83 


110 
136 
162 
188 
215 


241 
266 


2718 
2865 
0442 
5437 
7846 


7686 
5003 
9882 
2452 
2876 


1341 
8037 
3139 
6800 
9147 


0284 
0300 
9271 
7265 
4346 


0570 
5991 
0652 
4589 
7826 


0375 
2237 
3407 
3873 
3624 


2657 
0981 
8623 
5634 
2096 


8122 
6143 
0528 
4851 
8930 


297 
5707 
8139 
9794 
0590 


0457 
9336 


a 


Z 
386 
376 


3546 
8143 
1658 
4093 
5448 


5732 
4961 
3166 
0392 
6698 


2150 
6821 
0775 
4075 
6773 


8912 
0533 
1669 
2354 
2617 


2486 
1988 
1147 
9983 
8513 


6749 
4701 
2371 
9763 
6879 


3721 
0296 
6616 
2700 
8578 


4290 
0111 
4564 
9001 
3355 


F559 
1554 
5291 
8726 
1820 


4543 
6863 


Julian 
Date 
245 
0950-5 
0951-5 
0952°5 
0953-5 
0954°5 


0955-5 
0956°5 
0957-5 
0958-5 
0959-5 


0960-5 
0961-5 
0962:5 
0963-5 
0964-5 


0965-5 
0966:5 
0967-5 
0968-5 
0969-5 


0970-5 
0971-5 
0972-5 
0973-5 
0974-5 


0975:°5 
0976-5 
0977°5 
0978-5 
0979-5 


0980-5 
0981-5 
0982-5 
0983-5 
0984-5 


0985-5 
0986-5 
0987°5 
0988-5 
0989-5 


0990-5 
0991-5 
0992°5 
0993-5 
0994-5 


0995-5 
0996-5 


PRECESSION AND NUTATION, 1998 


MATRIX ELEMENTS FOR CONVERSION FROM 


B51 


MEAN EQUINOX OF J2000:0 TO TRUE EQUINOX OF DATE 


Ry-1 


COT WHOM MDAH DODADD DADADOOOHO OCOOODODO DCOODDO DODDOD COTD0G0 0000 G OOO OO 


Rp 


Ry; 


17 363 
hi 329 
17 302 
17 283 
17 269 


17259 
17 246 
17 226 
Ih 
17157 


17 110 
17 060 
17 013 
16 971 
16 937 


16 911 
16 891 
16 876 
16 862 
16 848 


16 831 
16 809 
16 781 
16 747 
16 706 


16 661 
16 614 
16 568 
16 528 
16 494 


16 468 
16 450 
16 435 
16 420 
16 400 


16 371 
16 332 
16 285 
16 234 
16 183 


16 136 
16 097 
16 065 
16 042 
16 023 


16 008 
15 994 


Ry 


39 966 
39 887 
39 825 
39 780 
39 750 


39 725 
39 696 
39 651 
39 583 
39 491 


39 382 
39 268 
B9I59 
39 063 
38 985 


38 925 
38 879 
38 844 
38 813 
38 780 


38 741 
38 691 
38 627 
38 547 
38 453 


38 349 
38 241 
38 136 
38 042 
37 965 


37 906 
37 863 
37 829 
87 795 
37 748 


37 682 
37 593 
37 485 
37 366 
37 248 


37 141 
37 050 
36 978 
36 924 
36 882 


36 847 
36 814 


Ry-1 


8 
8 
8 
8 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
i. 
= TH 
7 
7 
7 
7 
i 
7 
7 
7 
7, 
7 
7 
qi 
7 
a 
7 
7 
7 
V 
7 
7 
ih 
OS} 


Values are in units of 1 


Rx 


Rs 


17 362 
17 327 
17 300 
17 281 
17 268 


17 257 
17 244 
W225 
17 195 
17 A155 


17 108 
17 058 
17 011 
16 970 
16 936 


16 909 
16 889 
16 874 
16 860 
16 846 


16 829 
16 808 
16 780 
16 745 
16 704 


16 659 
16 612 
16 567 
16 526 
16 492 


16 467 
16 448 
16 433 
16 418 
16 398 


16 369 
16 331 
16 284 
16 232 
16 181 


16 134 
16 095 
16 064 
16 040 
16 022 


16 007 
15 992 


Ry 


— 4253 
4243 
4231 
4221 
4216 


— 4221 
4236 
4259 
4285 
4310 


— 4327 
4335 
4333 
4325 
4312 


— 4300 
4291 
4286 
4287 
4295 


— 4308 
4324 
4342 
4360 
4373 


— 4381 
4380 
4372 
4357 
4339 


— 4321 
4308 
4303 
4307 
4320 


— 4338 
4356 
4369 
4373 
4368 


— 4354 
4334 
4313 
4294 
4279 


— 4270 
— 4267 


R3—-1 


FPNNNN NNNNNY NNNNNY NNNNNY NNNNY WY 


poty pe epee ee a ea a ey yy es 


peek, jek fh fk, feet 


B52 


Aug. 


SCeerniaun BwWwWN SS = 


—_——_ 
a! 


—_ 
2 wn 


— 
vam 


POSITION AND VELOCITY OF THE EARTH, 1998 


ORIGIN AT SOLAR SYSTEM BARYCENTRE 
MEAN EQUATOR AND EQUINOX J2000-0 


873 
560 
196 
776 
297 


53: 
140 
453 
690 
844 


913 
892 
776 
562 
245 


821 
285 
634 
861 
963 


935 
Tz 
470 
024 
430 


683 
779 
713 
483 
084 


511 
763 
833 
721 
421 


930 
246 
364 
282 
997 


506 
805 
891 
762 
412 


840 
042 


280 
324 
393 
901 
331 


231 
218 
969 
227 
778 


444 
056 
424 
321 
449 


437 
823 
070 
569 
665 


681 
953 
855 
834 
428 


283 
157 
922 
p59 
151 


881 
023 
947 
113 
075 


474 
039 
573 
929 
988 


626 
679 
928 
082 
787 


646 
238 


iY 


—0-919 
917 
914 
911 
907 


— 0-904 
-900 
896 
-892 
887 


— 0-882 
877 
872 
866 
-860 


— 0-854 
848 
842 
835 
828 


— 0-820 
813 
“805 
“797 
789 


— 0-781 
PRE 
763 
754 
“745 


— 0-736 
726 
‘716 
-706 
-696 


— 0-685 
674 
664 
653 
641 


— 0-630 
618 
607 
595 
582 974 


—0-570 689 
=0'°598"239 


544 
004 
205 
150 
838 


271 
451 
377 
053 
478 


654 
583 
265 
701 
894 


843 
550 
017 
245 
236 


991 
512 
802 
863 
697 


306 
694 
863 
815 
554 


082 
402 
518 
431 
145 


663 
988 
123 
070 
832 


413 
815 
040 
093 


AVE 


222 
240 
898 
265 
461 


647 
016 
787 
184 
431 


734 
280 
234 
753 
004 
USI 
578 
526 
S15 
165 


257 
733 
701 
422 
291 


817 
602 
323 
715 
564 


697 
977 
301 
590 
783 


826 
657 
190 
307 
847 


612 
384 
954 
159 
914 


244 
305 


— 0-398 
397 
396 
“394 
393 


==) S91 
-390 
-388 
386 
“384 


— 0-382 
-380 
377 
375 
373 


=0:370 
367 
364 
361 
358 


= 0-355 
-352 
“349 
“345 
+342 


— 0-338 
“334 
330 
“O27 
-323 


=0:318 
314 
“310 
-306 
“301 


= ():297 
292 
287 
-282 
-278 


=(0:273 
-268 
262 
Psy 
252 


— 0-247 
— 0-241 


7 


444 
343 
130 
806 
370 


824 
167 
401 
525 
541 


449 
250 
943 
530 
012 


388 
659 
826 
890 
851 


710 
468 
125 
684 
144 
507 
774 
945 
023 
008 


902 
706 
420 
047 
587 


042 
413 
702 
909 
036 


084 
055 
950 
769 
515 


188 
790 


260 
523 
678 
169 
463 


053 
448 
176 
716 
791 


770 
255 
790 
916 
184 


153 
408 
568 
291 
289 


330 
242 
917 
305 
410 


285 
022 
749 
621 
820 


550 
033 
512 
246 
506 


aD 
736 
276 
471 
589 


887 
617 
031 
400 
016 


Palle 
364 


X 


+1671 
1666 


0989 
2326 


1660 9047 


1655 
1648 


+1642 
1635 
1627 
1619 
1611 


+1602 
1593 
1583 
1573 
1563 


+1552 
1540 
1528 
1516 
1503 


+1490 
1476 
1462 
1448 
1432 


+1417 
1401 
1385 
1368 
1351 


+1334 
1316 
1297 
1279 
1260 


+1241 
1221 
1201 
1181 
1161 


+1140 
1119 
1097 
1076 
1053 


+1031 
+1008 


Z are in units of 10° au/d. 


1216 
8902 


2169 
1084 
5710 
6103 
2304 


4334 
2191 
5842 
5235 
0294 


0937 
7080 
8646 
5576 
7836 


5419 
8353 
6692 
0521 
9941 


5062 
5998 
2862 
5759 
4789 


0049 
1631 
9627 
4131 
5232 


3021 
Tat 
8966 
T2210 
2372 


4377 
3194 
8755 
0993 
9851 


5295 
7321 


Y 
+ 241 0457 
266 9336 
292 7170 


318 3909 
343 9506 


+ 369 3924 
394 7134 
419 9121 

9881 

9424 


TAG 
4943 
0956 
5811 
9486 


1931 
3068 
2789 
0963 
7439 


2054 
4642 
5044 
3114 
8729 


1785 
2198 
9904 
4847 
6984 


6274 
2683 
6182 
6750 
4373 


9052 
0801 
9651 
5641 
8812 


9195 
6797 
1186 1590 
1203 3514 
1220 2472 


+1236 8342 
+1253 0987 


+1057 
1077 
1095 
1114 
1132 


+1150 
1168 


Z 
104 
115 
126 


138 
149 


160 
171 
182 
192 
203 


214 
225 
239 
246 
257 


267 
278 
288 
298 
309 


319 
329 
339 
349 
358 


368 
378 
387 
396 
406 


415 
424 
432 
441 
450 


458 
467 
475 
483 
491 


499 
506 
514 
521 
529 


536 
543 


4543 
6863 
8753 
0187 
1142 


1594 
1527 
0927 
9783 
8094 


5859 
3080 
9760 
5895 
1477 


6488 
0899 
4672 
77162 
0114 


1667 
2360) 
2132 
0925 
8689 


5379 
0958 
5395 
8663 
0738 


1599 
1227 
9604 
6716 
2550 


7099 
0363 
2345 
3054 
2501 


0695 
7638 
3)3Yud 
7726 
0820 


2560 
2898 


Julian 
Date 
245 
0995-5 
0996:5 
0997-5 
0998-5 
0999-5 


1000:5 
1001-5 
1002-5 
1003-5 
1004-5 


1005-5 
1006-5 
1007°5 
1008-5 
1009-5 


1010°5 
1011-5 
1012-5 
1013-5 
1014:5 


1015:5 
1016:5 
1017'5 
1018°5 
1019-5 


1020:5 
1021-5 
1022°5 
1023-5 
1024-5 


1025°5 
1026:5 
1027:°5 
1028-5 
1029:5 


1030°5 
1031-5 
1032-5 
1033-5 
1034:5 


1035-5 
1036-5 
1037:5 
1038-5 
1039-5 


1040-5 
1041-5 


PRECESSION AND NUTATION, 1998 


MATRIX ELEMENTS FOR CONVERSION FROM 


B53 


MEAN EQUINOX OF J2000-:0 TO TRUE EQUINOX OF DATE 


Ry,-1 


NY YNNNYNYN YNVYYYN YNNYVYYNY NYNVYNAYYY NYANNNYY COHOMDDD WDADDD DBDBDBDABHW ODWHWHW OW 


Ry» 


Ry 


16 008 
15 994 
15 978 
15 958 
15 932 


15 899 
15 861 
15 817 
PS7 7A 
15 725 


15 683 
15 648 
15 622 
15 604 
15 591 


15 579 
15 563 
15 540 
15 508 
15 468 


15 422 
15 375 
15, 331 
15) 293 
15 263 


15 241 
15 226 
15-215 
15 206 
15 196 


15 183 
15 165 
15 141 
15 110 
15 075 


15 035 
14 995 
14 957 
14 925 
14 902 


14 888 
14 881 
14 876 
14 868 
14 854 


14 831 
14 800 


Values are in units of 1 


Rx 


36 847 
36 814 
36 777 
36 730 
36 671 


36 597 
36 508 
36 407 
36 300 
36 195 


36 098 
36 018 
35 958 
35 916 
35 886 


35 859 
35 823 
35 770 
35 696 
35 603 


35 498 
35 389 
35 288 
35 201 
35 132 


35 082 
35 047 
35 021 
35 000 
34 977 


34 947 
34 905 
34 850 
34 780 
34 698 


34 607 
34 514 
34 427 
34 354 
34 301 


34 269 
34 252 
34 241 
34 223 
34 191 


34 139 
34 067 


Ry-1 


7 
Ui 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
Os. 


R z3 


Rs 


16 007 
15 992 
15 976 
15 956 
15 930 


15 898 
15 859 
15 816 
15 769 
isu723 


15 682 
15 647 
15 621 
15 602 
15 589 


US SW/7/ 
15 562 
I5t539 
15 507 
15 466 


15 421 
15 374 
15 330 
15 292 
15 262 


15 240 
159225 
15 214 
15 205 
15 194 


15 181 
15 163 
15 139 
15 109 
15 073 


15 034 
14 993 
14 956 
14 924 
14 901 


14 887 
14 879 
14 874 
14 867 
14 853 


14 830 
14 799 


Rx 


—4270 
4267 
4270 
4277 
4287 


— 4297 
4304 
4306 
4300 
4286 


— 4264 
4238 
4211 
4189 
4173 


— 4168 
4171 
4180 
4191 
4198 


— 4198 
4188 
4171 
4146 
4119 


— 4092 
4069 
4052 
4041 
4036 


— 4036 
4040 
4045 
4049 
4048 


— 4041 
4026 
4002 
3973 
3942 


—3914 
3893 
3881 
3880 
3886 


— 3895 
=S901 


Ry—-1 


el a a a en a el oe el cee ee ee oe 


pee es eS Ss 


B54 


Sept. 


Oct. 


POSITION AND VELOCITY OF THE EARTH, 1998 


ORIGIN AT SOLAR SYSTEM BARYCENTRE 
MEAN EQUATOR AND EQUINOX J2000-0 


+0:800 042 238 


-810 
“819 
829 
838 


+ 0-847 
856 
864 
873 
881 


+ 0-888 
896 
-903 
910 
7 


+0-923 
2929 
203) 
941 
946 


+0-951 
956 
961 
965 
969 


+ 0-973 
976 
‘979 
982 
985 


+ 0-987 
989 
991 
1992 
1993 


+0-994 
995 


#995 7 


“995 
994 


+(0)-994 
993 
991 
-990 
-988 


+ 0-986 
+0-983 


014 
753 
255 
518 


538 
313 
839 
114 
135 


900 
406 
651 
634 
351 


802 
985 
897 
538 
906 


i55 
024 
540 
485 


750 
349 
429 
272 
299 


058 
227 
606 
110 
768 


722 
224 
633 
413 
116 


364 
818 
142 
968 
874 


376 
944 
035 
125 
752 


540 
yA | 
677 
892 
022 


364 
368 
630 
893 
041 


092 
193 
617 
758 
126 


346 
145 


— 0-558 
545 
“532 
519 
506 


— 0-493 
-480 
466 
+453 
-439 


— 0-425 
“411 


060 
076 
091 


+0-107 
+0-123 


Koa 


Y 


239 
628 
859 
937 
864 


645 
284 
784 
150 
385 


495 
482 
352 
108 
IES 


297 
739 
083 
335 
499 


579 
578 
500 
351 
132 


849 
505 
105 
652 
151 


607 
023 
406 
759 
087 


395 
689 
972 


2a0s 


47] 


189 
897 
592 
267 
919 


542 
133 


967 
712 


— 0-241 
“236 
230 
205 
219 


=0-213 
-207 
-202 
-196 
190 


— 0-184 
178 
172 
165 
“159. 


— 0-153 
147 
140 
“134 
127 


=—0-121 
-114 
-108 
-101 
095 


0-088 
081 
‘075 
068 
‘061 


— 0-055 
048 
041 
034 
027 


— 0-021 
014 
007 

— -000 

+ -006 


+0-012 
019 
026 
033 
040 


+ 0-046 
+ 0-053 


Z 


790 
322 
787 
185 
517 


787 
994 
142 
231 
264 


x 


+1008 
985 


962 « 


938 
914 


+ 889 
865 
840 
814 
789 


+ 763 
737 


110 
140 
169 
198 


— 228 
25 


Z are in units of 10° au/d. 


7321 
5950 
1237 
3258 
2113 


7919 
0804 
0903 
8354 
3290 


5841 
6131 
4279 
0400 
4606 


7010 
7720 
6843 
4476 
0701 


5572 
9113 
1307 
2109 
1456 


9293 
5586 
0340 
3596 
5428 


5938 
5246 
3487 
0802 


5 7341 


3252 
8688 
3794 
1286 
6415 


1459 
6293 
0793 
4840 
8319 


1120 
3145 


Y 
+1253 
1269 
1284 


1299 
1314 


+1329 
1343 
1356 
1370 
1382 


131395 
1407 
1418 
1429 
1440 


+1450 
1460 
1470 
1479 
1487 


+1496 
1503 
1511 
1518 
1525 


TST 
1537 
1542 
1547 
1552 


+1556 
1560 
1563 
1566 
1568 


+1569 
1571 
1572 
1572 
1572 


ap eyhl 
1570 
1568 
1566 
1563 


+1560 
aS Ov 


0987 
0262 
6023 
8134 
6468 


0917 
1388 
7808 
0120 
8284 


2270 
2059 
7637 
8995 
6133 


9053 
7771 
2311 
2713 
9033 


1337 
9691 
4149 
4736 
1433 


4177 
2869 
7386 
7599 
3384 


4629 
1235 
3125 
0233 
2513 


9931 
2471 
0126 
2903 
0817 


3890 
2153 
5641 
4395 
8467 


7918 
2820 


Z 
543 
550 
556 


563 
569 


576 
582 
588 
595 
599 


604 
610 
615 
619 
624 


629 
633 
637 
641 
645 


648 
652 
655 
658 
661 


663 
666 
668 
671 
672 


674 
676 
677 
678 
679 


680 
681 
681 
681 
681 


681 
680 
680 
679 
678 


2898 
1783 
9162 
4982 
9196 


1759 
2633 
1785 
9190 
4826 


8676 
0728 
0971 
9397 
5999 


0774 
3722 
4845 
4155 
1666 


7398 
1375 
3616 
4133 
2923 


9969 
5240 
8696 
0292 
9985 


7733 
3500 
7254 
8970 
8627 


6209 
1706 
5111 
6425 
5647 


2784 
7842 
0831 
1765 
0658 


676 7531 


675 


2407 


Julian 
Date 
245 
1041-5 
1042-5 
1043-5 
1044-5 
1045-5 


1046:5 
1047°5 
1048-5 
1049-5 
1050:5 


1051-5 
1052-5 
1053-5 
1054-5 
1055-5 


1056°5 
1057-5 
1058-5 
1059-5 
1060-5 


1061-5 
1062-5 
1063-5 
1064-5 
1065-5 


1066°5 
1067-5 
1068°5 
1069-5 
1070-5 


1071-5 
1072°5 
1073-5 
1074:5 
1075-5 


1076-5 
1077-5 
1078-5 
1079-5 
1080-5 


1081-5 
1082°5 
1083-5 
1084-5 
1085-5 


1086:5 
1087-5 


PRECESSION AND NUTATION, 1998 


MATRIX ELEMENTS FOR CONVERSION FROM 


B55 


MEAN EQUINOX OF J2000:0 TO TRUE EQUINOX OF DATE 


R,,-1 


NO HNNDD DADAD AGDAAGA AGAaagana GAAAAAY VWVIANYINM ANAT VNABVWN VBWwynrns] 


Rs 


14 800 
14 763 
14 724 
14 687 
14 655 


14 631 
14 614 
14 604 
14 599 
14 597 


14 $94 
14 590 
14 581 
14 566 
14 545 


14 519 
14 488 
14 455 
14 423 
14 395 


14 375 
14 364 
14 360 
14 361 
14 361 


14 355 
14 340 
14 316 
14 285 
14 251 


14 218 
14 190 
14 168 
14 154 
14 147 


14 145 
14 146 
14 148 
14 148 
14 143 


14 134 
14 118 
14 096 
14 069 
14 040 


14 010 
13 983 


Rx 


34 067 
33 982 
33 892 
33 807 
33 733 


33 676 
33 637 
33 615 
33 604 
33 599 


33 594 
33. 583 
33 562 
33 528 
33 481 


33 420 
33 349 
33: 213 
33 200 
33 136 


33 089 
33 063 
33 056 
33 058 
33 058 


33 044 
33 009 
82955 
32 882 
32 804 


32 728 
32 663 
32 613 
32 581 
32 565 


32 561 
32 564 
32 568 
32 567 
32 557 


3Z 985 
32 499 
32 449 
32 387 
32 319 


32 250 
32 187 


Ry-1 


MN MAMNOaAn ANnNaAnDn DADDADAATD DANDADAADDHD ANDAATD ADAAATD ADAAAY 


nn NAnn 


5 

5 

5 
= 5 

5 

0°. 


Values are in units of 1 


Ry 


+3896 
3897 
3889 
3872 
3849 


+3823 
3796 
3772 
5758 
3740 


+3734 
3734 
3739 
3745 
3751 


+3754 
3752 
3743 
3727 
3703 


+3676 
3649 
3628 
3617 
3618 


+3628 
3642 
3655 
3663 
3662 


+3654 
3638 
3618 
3598 
3580 


+3566 
3559 
3559 
3564 
3575 


+3588 
3602 
3614 
3622 
3623 


+3618 
+3606 


Rs 


14 799 
14 762 
14 723 
14 686 
14 654 


14 629 
14 612 
14 603 
14 598 
14 596 


14 593 
14 588 
14 579 
14 565 
14 544 


14 518 
14 487 
14 454 
14 422 
14 394 


14 374 
14 363 
14 359 
14 360 
14 360 


14 354 
14 339 
14 315 
14 284 
14 250 


14 217 
14 188 
14 167 
14 153 
14 146 


14 144 
14 145 
14 147 
14 147 
14 142 


14 133 
14 117 
14 095 
14 068 
14 039 


14 009 
13 981 


Rx 


—3901 
3902 
3894 
3877 
3854 


— 3828 
3801 
3776 
3758 
3745 


0139) 
3739 
3744 
3750 
3756 


= S159) 
3757 
3748 
3731 
3708 


— 3680 
3654 
3633 
3622 
3623 


— 3632 
3646 
3660 
3667 
3667 


—3658 
3643 
3623 
3603 
3584 


— <p) //Al 
3564 
3563 
3569 
3580 


23993) 
3607 
3619 
3626 
3628 


—3622 
—3610 


Ry3—-1 
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B56 POSITION AND VELOCITY OF THE EARTH, 1998 


ORIGIN AT SOLAR SYSTEM BARYCENTRE 
MEAN EQUATOR AND EQUINOX J2000-0 


Date : y ; 
Fons x 1 Z x Y z 
Oct. + 0-983 978 145 +0-123 133 712 +0-053 621 900 — 257 3145 +1557 2820 + 675 2407 


-981 259 343 138 687 120 060 365 924 286 4309 1558-3261 673 5318 
978 249 834 -154 198 779 067 091 891 315 4554 1548 9336 671 6296 
974 950 549 169 664 369 ‘073 797 885 344 3857 1544 1142 669 5380 
‘971 362 430 -185 079 667 ‘080 482 031 373 2230 1538 8760 667 2602 


486 385 +0-200 440 512 +0-087 142 478 — 401 9719 +1533 2243 + 664 7988 
963 323 266 215 742 775 “9301/7397 430 6386 1527 1593 662 1545 
-958 873 868 230 982 304 ‘100 384 956 459 2284 1520 6763 659 3265 
‘954 138 947 246 154 879 ‘106 963 308 487 7434 1513 7667 656 3126 
949 119 259 261 256 180 IS" 510) 377 516 1808 1506 4197 653 1094 


+0-943 815 612 +0-276 281 778 +0-120 024 853 — 544 5336 +1498 6245 + 649 7134 

938 228 905 -291 227 145 126 504 193 572 7909 1490 3720 646 1216 
360 157 306 087 670 132 946 624 600 9393 1481 6551 642 3315 
-926 210 530 320 858 684 139 350 155 628 9643 1472 4691 638 3412 
‘919 781 334 -335 535 480 145 712 778 656 8505 1462 8114 634 1499 


a 
Seuermrrnta ns wnrd = 
+ 
2 
No} 
lon 
— 


peek 
nk wn = 
No) 
Ww 
N 


16 +0-913 074 032 +0-350 113 336 +0-152 032 481 — 684 5827 +1452 6810 + 629 7570 
17 -906 090 243 364 587 526 -158 307 247 712 1457 1442 0785 625 1627 
18 898 831 732 378 953 338 164 535 065 739 5244 1431 0057 620 3674 
19 891 300 417 393 206 082 “170. 713 929 766 7042 1419 4655 61523722 
20 883 498 360 -407 341 103 -176 841 845 793 6706 1407 4618 610 1782 
21° +0-875 427 763 +0-421 353 790 +0-182 916 836 — 820 4097 +1394 9996 + 604 7872 


22 -867 090.969 435 239 585 “188 936 939 846 9080 1382 0846 599 2012 
23 858 490 449 -448 993 996 194 900 218 873 1527 1368 7237 593 4226 
24 849 628 800 -462 612 597 200 804 759 899 1317 1354 9242 587 4541 
25 840 508 739 -476 091 044 -206 648 677 924 8334 1340 6942 581 2986 


26 +0-831 133 092 +0-489 425 075 +0-212 430 117 — 950 2471 +1326 0425 + 574 9592 
27 821 504 791 502 610 520 218 147 261 975 3627 1310 9787 568 4397 
28 811 626 862 ‘S15 643 310 223 798 323 1000 1711 1295 S1ai 561 7437 
29 “801 502 419 528 519 480 229 381 561 1024 6645 1279 6568 554 8755 
30 ‘791 134 643 ‘541 235 184 234 895 275 1048 8366 1263 4220 547 8398 


31 +0-780 526 770 +0-553 786 699 +0-240 337 816 —1072 6836 +1246 8210 + 540 6415 
‘769 682 057 ‘566 170 426 245 707 580 1096 2048 1229 8664 533 2856 
‘758 603 752 ‘578 382 883 251 003 018 1119 4028 1212 5688 525 7767 
‘747 295 060 590 420 685 256 222 618 1142 2832 1194 9361 518 1187 
“735-759 123 602 280 499 261 364 902 1164 8530 1176 9713 510 3137 


999 014 +0-613 958 999 +0-266 428 404 —1187 1183 +1158 6727 + 502 3622 
‘712 017 762 625 452 821 271 411 655 1209 0818 1140 0343 494 2632 
-699 818 392 -636 758 525 270 313: 170 1230 7411 1121 0480 486 0146 
687 403 979 647 872 594 -281 131 441 1252 0887 1101 7061 477 6142 
777 695 658 791 444 285 864 942 1273 W131 1082 0033 469 0604 


+0-661 942 840 +0-669 511 447 +0-290 512 135 —1293 8005 +1061 9368 + 460 3524 

648 902 856 680 028 968 295 071 477 1314 1364 1041 5070 451 4905 
661 334 690 340 385 -299 S41 434 1334 1060 1020 7167 442 4757 
622 222 004 *700 442 115 -303 920 488 1353 6954 999 5703 433 3099 
608 588 739 -710 330 624 308 207 136 1372 8911 978 0737 423 9952 


+0-594 765 537 +0-720 002 445 +0-312 399 904 —1391 6805 + 956 2337 + 414 5342 
756 523 +0-729 454 180 +0-316 497 343 —1410 0515 + 934 0580 + 404 9299 
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X,Y, Z are in units of 10°? au/d. 


Julian 
Date 
245 
1087-5 
1088-5 
1089-5 
1090-5 
1091-5 


1092-5 
1093-5 
1094-5 
1095:5 
1096-5 


1097-5 
1098-5 
1099-5 
1100-5 
1101-5 


1102-5 
1103-5 
1104-5 
1105-5 
1106-5 


1107-5 
1108-5 
1109-5 
1110-5 
1111-5 


1112-5 
1113-5 
1114-5 
1115-5 
1116-5 


1117-5 
1118-5 
1119-5 
1120°5 
1121°5 


1122:5 
1123-5 
1124-5 
1125-5 
1126°5 


1127-5 
1128-5 
1129-5 
1130-5 
1131-5 


1132-5 
1133-5 


PRECESSION AND NUTATION, 1998 


MATRIX ELEMENTS FOR CONVERSION FROM 


B57 


MEAN EQUINOX OF J2000:0 TO TRUE EQUINOX OF DATE 


Ry,-1 


AM NAMA MADAD ADADA ADRAADA ADRDADA AAADAAA ANAAD DADAABA ABDAAD 


Ry 


+ 32 187 
32)137 
32 105 
32 092 
32 093 


+ 32 096 
32 089 
32 061 
32 008 
518935 


“eel S5il 
31 768 
31 694 
31 635 
317593 


+ 31 568 
31 556 
sil spill 
31 548 
31 541 


+ 31 526 
31 498 
31 455 
51399: 
31 330 


“ato La2o3 
31 174 
31 098 
31 032 
30 981 


+ 30 948 
30 929 
30 919 
30 903 
30 870 


+ 30 811 
30 727 
30 625 
30 518 
30 418 


+ 30 334 
30 267 
30 219 
30 185 
30 160 


308139: 
$es0rl15 


Rs 


13 983 
13 961 
13 947 
13 941 
13 942 


13 943 
13 940 
13 928 
13 905 
13 873 


13 836 
13 800 
13 768 
13 742 
13 724 


13 713 
13 708 
13 706 
13 705 
13 702 


13 695 
13 683 
13 664 
13 640 
13 610 


13 576 
13 542 
13 509 
13 480 
13 458 


13 444 
13 436 
13 431 
13 424 
13 410 


13 384 
13 347 
13 303 
HSIZ57. 
13 214 


SPH, 
13 148 
139027 
13 112 
13 101 


13 092 
13 082 


Values are in units of 10°. 


Rx 


32 187 
32 137 
32 105 
32 092 
32 093 


32 097 
32 090 
32 061 
32 009 
31 935 


31 852 
31 768 
31 694 
31 635 
31 594 


31 568 
31 556 
SUSI 
31 549 
31 542 


31 526 
31 498 
31 456 
815399 
31 331 


31 254 
31 174 
31 098 
31 033 
30 982 


30 948 
30 930 
30 919 
30 904 
30 871 


30 812 
30 728 
30 626 
30 519 
30 419 


30 334 
30 268 
30 219 
30 185 
30 161 


30 139 
30 115 


Ry-1 


an NANnnnn NANnnanmn nANnnn ANnnnn NAOnnnmn NXanrnn NOnnn Annan Anannn 


Rx 


+3606 
3588 
3569 
8553 
3546 


+3551 
3566 
3589 
3612 
3631 


+3642 
3644 
3638 
3627 
3614 


+3603 
3597 
3596 
3602 
3614 


+3632 
3652 
3674 
3694 
3710 


+3720 
3724 
3721 
3712 
3700 


+3689 
3684 
3689 
3705 
3730 


+3760 
3787 
3807 
3816 
3816 


+3809 
3799 
3789 
3784 
3784 


+3790 
+3803 


Rs 


13 981 
13 960 
13 946 
13 940 
13 940 


13 942 
13 939 
13 926 
13 903 
ISESTD, 


13 835 
13 799 
13 767 
13 741 
13°728 


ey 7? 
13 707 
13 705 
13 703 
13 700 


13 694 
13 681 
13 663 
13 638 
13 608 


132575 
13 541 
13 508 
13 479 
13 457 


13 442 
13 434 
13 430 
13 423 
13 409 


13 383 
13 346 
13 302 
13 256 
13 212 


13 176 
13 147 
13 126 
13 111 
13 100 


13 091 
13 080 


Rx 


—3610 
3593 
3574 
3558 
3551 


= 3999 
3570 
3593 
3617 
3636 


— 3647 
3648 
3642 
3631 
3619 


— 3608 
3601 
3600 
3606 
3619 


— 3636 
3657 
3678 
3698 
3714 


—3725 
3728 
3725 
3716 
3704 


— 3694 
3689 
3693 
3709 
3734 


—3764 
3791 
3811 
3820 
3820 


—3813 
3803 
3/93 
3788 
3788 


— 3794 
— 3807 


Rx-1 
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POSITION AND VELOCITY OF THE EARTH, 1998 


ORIGIN AT SOLAR SYSTEM BARYCENTRE 
MEAN EQUATOR AND EQUINOX J2000-0 


+0-010 
— -007 
024 
042 
059 


— 0-077 
094 
“112 
-129 
146 


— 0-164 
— 0-181 


756 523 
565 941 
198 149 
657 615 
948 912 


076 709 
045 762 
860 907 
527 045 
049 132 


432 162 
681 149 
801 111 
797 042 
673 889 


436 525 
089 736 
638 218 
086 601 
439 491 


701 513 
877_364 
971 840 
989 855 
936 437 


816 722 
635 945 
399 428 
112 569 
780 837 


409 767 
004 953 
572 045 
116 739 
644 770 


161 894 
326 120 
813 515 
294 563 
763 583 


214 965 
643 187 
042 832 
408 603 
735 324 


017 935 
251 469 


+0-729 
738 
-747 
-756 
764 


+0-773 
781 
789 
-796 
“804 


+0-811 
818 
824 
-830 
-837 


+ 0-842 
848 
853 
858 
-863 


+0867 
872 
876 
879 
883 


+ 0-886 
“889 
891 
894 
896 


+0-898 
“899 
-900 
901 
902 


+ 0-902 
902 
902 
902 
901 


+ 0-900 
-899 
“897 
-895 
“893 


+ 0-890 
+ 0-888 


aS 


Y 


454 
682 
684 
456 
995 


298 
363 
187 
767 
101 


187 
022 
605 
933 
006 


821 
378 
673 
707 
478 


983 
221 
191 
892 
320 


476 
B5i/ 
963 
292 
342 


114 
606 
818 
749 
398 


765 
851 
655 
177 
419 


379 
060 
461 
584 
430 


999 
293 


180 
512 
215 
155 
304 


749 
693 
473 
557 
552 


210 
430 
256 
872 
595 


843 
106 
902 
733 
060 


294 
808 
967 
162 
833 


498 
765 
343 
046 
800 


649 
ey) 
421 
072 
291 


811 
527 
493 
926 
199 


830 
474 
897 
954 
556 


640 
132 


+0-316 
-320 
+324 
+328 
331 


+0-335 
“339 


+ 0-386 


ZL 


497 
498 
400 
203 
905 


639 
677 
593 
386 
058 


608 
037 
344 
531 
597 


543 


343 
035 
595 
677 
971 


214 
187 
722 
702 
066 


809 
985 
709 
156 
SPS) 


187 
S71 
449 
771 
682 


518 
608 
280 
875 
754 
308 
961 
180 
471 
382 


510 
498 
040 
884 
834 


757 
579 
296 
967 
715 


728 
252 
587 
077 
100 


056 


+0-385 369 355 


K 
—1410 0515 
1427 9923 
14454916 


1462 5389 
1479 1239 


—1495 2375 
1510 8713 
1526 0180 
1540 6717 
1554 8277 


—1568 4829 
1581 6361 
1594 2883 
1606 4430 
1618 1064 


—1629 2867 
1639 9930 
1650 2335 
1660 0131 
1669 3320 


—1678 1854 
1686 5645 
1694 4583 
1701 8549 
1708 7431 


—1715 1126 
1720 9541 
1726 2594 
1731 0213 
1735 2328 


—1738 8879 
1741 9807 
1744 5060 
1746 4596 
1747 8384 


—1748 6406 
1748 8663 
1748 5173 
1747 5975 
1746 1129 


—1744 0714 
1741 4827 
1738 3581 
1734 7099 
1730 5501 


—1725 8894 
—1720 7357 


Z are in units of 10°? au/ d. 


y 
934 0580 
911 5548 
888 7335 


865 6040 
842 1773 


818 4650 
794 4796 
710 2342 
745 7426 
721 0189 


696 0777 
670 9336 
645 6012 
620 0941 
594 4241 


568 6004 
542 6276 
516 5066 
490 2340 
463 8049 


437 2147 
410 4608 
383 5442 
356 4687 
329 2408 


301 8690 
274 3629 
246 7329 
218 9898 
191 1451 


163 2107 
135 1992 
107 1240 
78 9992 
50 8401 


22 6623 
5 5182 
33 6850 
61 8222 
89 9146 


117 9481 
145 9103 
173 7909 
201 5826 
229 2813 


256 8865 
284 4000 


z 
404 
395 
385 


375 
365 


354 
344 
333 
323 
312 


301 
290 
279 
268 
257 


246 
235 
223 
212 
201 


189 
197. 
166 
154 
142 


130 
118 
106 


111 
123 


9299 
1854 
3042 
2902 
1476 


8807 
4945 
9939 
3844 
6716 


8612 
9593 
9718 
9047 
7632 


5519 
2740 
9308 
5226 * 
0485 


5075 
8992 
2242 
4841 
6815 


8196 
9022 
9833 
172 
8583 


7613 
6312 
4730 
2925 
0953 


8879 
3235 
5322 
7317 
9156 


0777 
2124 
3148 
3809 
4078 


3941 
3392 


Julian 
Date 
245 
1133-5 
1134-5 
1135-5 
1136-5 
1137°5 


1138-5 
1139-5 
1140°5 
1141-5 
1142-5 


1143-5 
1144:5 
1145:5 
1146°5 
1147-5 


1148-5 
1149-5 
1150-5 
1151-5 
1152:5 


1153-5 
1154-5 
1155-5 
1156-5 
1157-5 


1158-5 
1159-5 
1160:5 
1161-5 
1162:5 


1163-5 
1164:5 
1165-5 
1166:5 
1167°5 


1168-5 
1169-5 
1170°5 
1171-5 
1172°5 


1173-5 
1174:5 
1175-5 
1176-5 
1177°5 


1178°5 
1179-5 


Ry,-1 
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PRECESSION AND NUTATION, 1998 


MATRIX ELEMENTS FOR CONVERSION FROM 
MEAN EQUINOX OF J2000:0 TO TRUE EQUINOX OF 


Ry 


Ry 


13 082 
13 068 
13 049 
13 023 
12 991 


12 954 
128913 
12 870 
12 828 
12 790 


12 758 
PANTS 
127715 
12 701 
12 688 


12 669 
12 642 
12 602 
W553 
12 498 


12 443 
TS95 
12 354 
12 323 
12299 


12 280 
12 264 
12 248 
12 229 
12 206 


12 176 
12 141 
12 099 
12 053 
12 005 


11 958 
11 914 
11 877 
11 847 
11 824 


11 806 
11 790 
(GTA! 
11 745 
11 709 


11 663 
11 610 


Values are in units of 1 


Ry 


30 115 
30 084 
30 040 
29 981 
29 908 


29 822 
Has) Appa 
29 629 
JS) SBP) 
29 445 


29 371 
29 314 
sy dies 
29 241 
29 210 


29 167 
29 103 
29 013 
28 899 
28 772 


28 647 
28 534 
28 441 
28 368 
28 313 


28 270 
28 234 
28 196 
28 153 
28 099 


28 032 
27 950 
27 854 
27 749 
27 638 


Zi S29 
27 429 
27 342 
Ped] PA 
PAPOME 


27 178 
27 142 
27 099 
27 039 
26 957 


26 851 
26 727 


Ry- 


1 


5 
5 


5) 
5) 
5) 
5 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
(Ops: 


R 23 


+3803 
3821 
3842 
3865 
3886 


+3904 
3916 
3921 
3919 
3910 


+3898 
3886 
3877 
3876 
3884 


+3903 
3927 
3953 
3973 
3984 


+3983 
3973 
3957 
3941 
3928 


+3919 
3917 
3922 
3932 
3946 


+3962 
3977 
3988 
3995 
3994 


+3985 
3970 
3950 
3929 
3910 


+3898 
3894 
3900 
3913 
3929 


+3942 
+3948 


Rs 


13 080 
13 066 
13 047 
13 022 
12 990 


12 953 
(12, SNP 
12 869 
12 827 
12 789 


12 757 
32) 
12 714 
12 700 
12 687 


12 668 
12 641 
12 601 
i S82 
12 497 


12 442 
12 393 
12398 
127321 
12 298 


12279 
12 263 
12 247 
12 228 
12 204 


IPA ATS) 
12 140 
12 098 
12 052 
12 004 


LIS9 57, 
11 913 
11 876 
11 845 
11 822 


11 805 
11 789 
11 770 
11 744 
11 708 


11 662 
11 609 
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B60 REDUCTION OF CELESTIAL COORDINATES 


Reduction for polar motion 


The rotation of the Earth is represented by a diurnal rotation around a reference 
axis whose motion with respect to the inertial reference frame is represented by the 
theories of precession and nutation. This reference axis does not coincide with the 
axis of figure (maximum moment of inertia) of the Earth, but moves slowly (in a 
terrestrial reference frame) in a quasi-circular path around it. The reference axis is the 
celestial ephemeris pole (normal to the true equator) and its motion with respect to 
the terrestrial reference frame is known as polar motion.*The maximum ainplitude of 
the polar motion is typically about 03 (corresponding to a displacement of about 9m 
on the surface of the Earth) and the principal periods are about 365 and 428 days. 
The motion is affected by unpredictable geophysical forces and is determined from 
observations of stars, of radio sources and of appropriate satellites of the Earth. 


The pole and zero (Greenwich) meridian of the terrestrial reference frame are defined 
implicitly by the adoption of a set of coordinates for the instruments that are used to 
determine UT and polar motion from astronomical and satellite observations. (This 
frame is known as the IERS Terrestrial Reference Frame (ITRF), and is a continuation 
of the BIH Terrestrial System (BTS), and before that the Conventional International 
Origin (CIO)). The position of the terrestrial reference frame with respect to the true 
equator and equinox of date is defined by successive rotations through two small 
angles x, y and the Greenwich apparent sidereal time 0. The angles x, y correspond 
to the coordinates of the celestial ephemeris pole with respect to the terrestrial pole 
measured along the meridians at longitudes 0° and 270° (90° west). Current values of 
the coordinates of the pole for use in the reduction of observations are published by the 
Central Bureau of IERS. Previous values from 1970 January 1 onwards are given on 
page K10 at 3-monthly intervals. For precise work the values at 5-day intervals from 
the BIH tables should be used. Values before 1988 were published by the International 
Polar Motion Service. The coordinates x and y are usually measured in seconds of arc. 


Polar motion causes variations in the zenith distance and azimuth of the celestial 
ephemeris pole and hence in the values of terrestrial latitude (¢) and longitude (A) that 
are determined from direct astronomical observations of latitude and time. To first 
order, the departures from the mean values ¢m, Am are given by: 


Ag=xXcoshm—ysinAm and AA=(xsindy + ycos/,) tan dy 
The variation in longitude must be taken into account in the determination of GMST, 
and hence of UT, from observations. 


The rigorous transformation of a vector p; with respect to the celestial frame of the 
true equator and equinox of date to the corresponding vector p, with respect to the 
terrestrial frame is given by the formula: 


Py = R2(—x) Ri(—y) R3(@) p3 
and conversely, 
P3 = R3(—@) Ri(y) Ro(x) py 
where Rj (a), Ro(a~), R3(~) are, respectively, the matrices: 
1 0 0 cosa 0 —sina COSOMESIILO NEC 
0 cosa sing 0 1 0 —sina cose 0 
0 —sina cosa singe 0O COS a 0 0 i! 


corresponding to rotations « about the x, y and z axes. The vector p could represent, 
for example, the coordinates of a point on the Earth’s surface or of a satellite in orbit 
around the Earth. 
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Reduction for diurnal parallax and diurnal aberration 


The computation of diurnal parallax and aberration due to the displacement of 
the observer from the centre of the Earth requires a knowledge of the geocentric 
coordinates (p, geocentric distance in units of the Earth’s equatorial radius, and ¢’, 
geocentric latitude, see page K5) of the place of observation and the local sidereal time 
(89) of the observation (see page B6). 

For bodies whose equatorial horizontal parallax (x) normally amounts to only a few 
seconds of arc the corrections for diurnal parallax in right ascension and declination 
(in the sense geocentric place minus topocentric place) are given by: 


Aa = n(pcos ¢’ sinh sec 6) 
Ad = n(psin gd’ cosd — pcos ¢’ cosh sind) 


where h is the local hour angle (89 — «) and x may be calculated from 8794 divided 
by the geocentric distance of the body (in au). For the Moon (and other very close 
bodies) more precise formulae are required (see page D3). 

The corrections for diurnal aberration in right ascension and declination (in the 
sense apparent place minus mean place) are given by: 


Aa = 030213 p cosd’ cosh secd Ad = 0"319 p cos¢’ sinh sind 
For a body at transit the local hour angle (h) is zero and so Ao is zero, but 
Aa = +030213 p cos d’ sec d 


where the plus and minus signs are used for the upper and lower transits, respectively; 
this may be regarded as a correction to the time of transit. 

Alternatively, the effects may be computed in rectangular coordinates using the 
following expressions for the geocentric coordinates and velocity components of the 
observer with respect to the celestial equatorial reference frame: 


position: (apcos@¢’cos 6, apcos ¢’ sin Ao, ap sin ¢’) 
velocity: (—awpcos ®@’ sin 9, awpcos d’ cos 8, 0) 
where 0p is the local sidereal time (mean or apparent as appropriate), a is the equatorial 
radius of the Earth and w the angular velocity of the Earth. 
6) = Greenwich sidereal time + east longitude 
aw = 0-464 km/s = 0:268 x 10-°au/d = c = 2:998 x 10° km/s = 173-14. au/d 
aw/c = 1:55 x 10-° rad = 0319 = 030213 
These geocentric position and velocity vectors of the observer are added to the 


barycentric position and velocity of the Earth’s centre, respectively, to obtain the 
corresponding barycentric vectors of the observer. 


Conversion to altitude and azimuth 


It is convenient to use the local hour angle (h) as an intermediary in the conversion 
from the apparent right ascension (a) and declination (6) to the azimuth (A) and 
altitude (a). The local apparent sidereal time (09) corresponding to the UT of the 
observation must be determined first (see page B6). The formulae are: 


6) = GMST + 4+ equation of equinoxes 


(ie Ao sea Oy 
cosasinA = —coso sinh 
cosacosA=_ sindcos¢ —cosdcoshsin 
sina= sindsing+cosdcoshcos 


where azimuth (A) is measured from the north through east in the plane of the horizon, 
altitude (a) is measured perpendicular to the horizon, and /, @ are the astronomical 
values of the east longitude and latitude of the place of observation. The plane of the 
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Conversion to altitude and azimuth (continued) 
horizon is defined to be perpendicular to the apparent direction of gravity. Zenith 
distance is given by z = 90° — a. 


For most purposes the values of the geodetic longitude and latitude may be used but 
in some cases the effects of local gravity anomalies and polar motion must be included 
For full precision, the values of «, 6 must be corrected for diurnal parallax and diurnal 


aberration. The inverse formulae are: F 
cos 6 sinh = —cosasin A 
cosdcosh=_ sinacos¢@—cosacosA sing 
sind = sinasing@+cosacosAcos d 


Correction for refraction 


For most astronomical purposes the effect of refraction in the Earth’s atmosphere is 
to decrease the zenith distance (computed by the formulae of the previous section) by 
an amount R that depends on the zenith distance and on the meteorological conditions 
at the site. A simple expression for R for zenith distances less than 75° (altitudes 
greater than 15°) is: 

R = 0°004 52 P tanz/(273 + T) 


= 02004 52 P /((273 + T) tana) 


where T is the temperature (°C) and P is the barometric pressure (millibars). This 
formula is usually accurate to about 0‘1 for altitudes above 15°, but the error increases 
rapidly at lower altitudes, especially in abnormal meteorological conditions. For 
observed apparent altitudes below 15° use the approximate formula: 


R = P(0-1594 + 0:0196a + 0-000 02a’)/[(273 + T)(1 + 0:505a + 0-0845a7)] 


where the altitude a is in degrees. 


DETERMINATION OF LATITUDE AND AZIMUTH 


Use of the Polaris Table 


The table on pages B64—B67 gives data for obtaining latitude from an observed 
altitude of Polaris (suitably corrected for instrumental errors and refraction) and the 
azimuth of this star (measured from north, positive to the east and negative to the 
west), for all hour angles and northern latitudes. The six tabulated quantities, each 
given to a precision of 0'1, are do, aj, a2, referring to the correction to altitude, and bo, 
by, bo, to the azimuth. 


latitude = corrected observed altitude + a) + a; + a> 
azimuth = (bo + bj + b2)/ cos (latitude) 


The table is to be entered with the local sidereal time of observation (LST), and 
gives the values of ao, bo directly; interpolation, with maximum differences of 0/7, can 
be done mentally. In the same vertical column, the values of a;, b; are found with the 
latitude, and those of a2, b> with the date, as argument. Thus all six quantities can, if 
desired, be extracted together. The errors due to the adoption of a mean value of the 
local sidereal time for each of the subsidiary tables have been reduced to a minimum, 
and the total error is not likely to exceed 0‘2. Interpolation between columns should 
not be attempted. 


The observed altitude must be corrected for refraction before being used to determine 
the astronomical latitude of the place of observation. Both the latitude and the azimuth 
so obtained are affected by local gravity anomalies. 
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Pole Star formulae 


The formulae below provide a method for obtaining latitude from the observed 
altitude of one of the pole stars, Polaris or o Octantis, and an assumed east longitude 
of the observer 2. In addition, the azimuth of a pole star may be calculated from 
an assumed east longitude 4 and the observed altitude a, or from 4 and an assumed 
latitude ¢. An error of 0°002 in a or 0°1 in 4 will produce an error of about 0°002 in 
the calculated latitude. Likewise an error of 0°03 in A, a or @ will produce an error of 
about 0°002 in the calculated azimuth for latitudes below 70°. 


Step 1. Calculate the Greenwich hour angle GHA and polar distance p, in degrees, 
from expressions of the form: 


GHA =ayt+ta;L+asinL+a3cosL+15t 
p=a+a,;L+qsinL+a3cosL 
where i= OO985 O54 
d = day of year (from pages B2—B3) + t/24 


and where the coefficients ag, a1, a2, a3 are given in the table below, t is the universal 
time in hours, d is the interval in days from 1998 January 0 at 0° UT to the time of 
observation, and the quantity L is in degrees. In the above formulae d is required to 
two decimals of a day, L to two decimals of a degree and t to three decimals of an 
hour. 


Step 2. Calculate the local hour angle LHA from: 
LHA=GHA+A (add or subtract multiples of 360°) 
where / is the assumed longitude measured east from the Greenwich meridian. 
Form the quantities: Sis yusintLHA) C = p cos(LHA) 
Step 3. The latitude of the place of observation, in degrees, is given by: 
latitude = a — C + 0:0087S? tana 


where a is the observed altitude of the pole star after correction for instrument error 
and atmospheric refraction. 


Step 4. The azimuth of the pole star, in degrees, is given by: 


azimuth of Polaris = —S/cosa 
azimuth of o Octantis = 180° + S/cosa 


where azimuth is measured eastwards around the horizon from north. 
In step 4, if a has not been observed, use the quantity: 
a=$+C —0-0087S’ tand 


where ¢ is an assumed latitude, taken to be positive in either hemisphere. 


POLE STAR COEFFICIENTS FOR 1998 


Polaris o Octantis 
GHA p GHA Pp 
ay 61-94 0:7465 142-83 1-:0368 
ay 0-999 35 —0-0000 102 0:999 42 0:0000 083 
ay 0:35 —0-0022 0-17 0:0041 
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Azimuth of Polaris = (bo + b; + bz) / cos (latitude) 
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NOTES AND FORMULAS 


Mean orbital elements of the Sun 


Mean elements of the orbit of the Sun, referred to the mean equinox and ecliptic of date, are 
given by the following expressions. The time argument d is the interval in days from 1998 
January 0, 0? TDT. These expressions are intended for use only during the year of this volume. 

d =JD-— 245 0813.5 = day of year (from B2-B3) + fraction of day from 0° TDT. 
Geometric mean longitude: 279°.465 026 + 0.985 647 36 d 
Mean longitude of perigee: 282°.903 910 + 0.000 047 08 d 
Mean anomaly: 356°.561 116 + 0.985 600 28 d 
Eccentricity: 0.016 709 17 — 0.000 000 0012 d 
Mean obliquity of the ecliptic with respect to the mean equator of date: 
23°.439 552 — 0.000 000 36 d 
The position of the ecliptic of date with respect to the ecliptic of the standard epoch is given by 


formulas on page B18. 
Accurate osculating elements of the Earth/Moon barycenter are given on pages E3 and E4. 


Lengths of principal years 


The lengths of the principal years at 1998.0 as derived from the Sun’s mean motion are: 


d dah yim s 
tropical year (equinox to equinox) 365.242 190 365 05 48 45.2 
sidereal year (fixed star to fixed star) 365.256 363 = 365 «06:09 09.8 
anomalistic year (perigee to perigee) 365.259 635 365 -06°U3 1525 


eclipse year (node to node) 346.620075 346 14 52 54.5 


2 SUN, 1998 
NOTES AND FORMULAS 


Apparent ecliptic coordinates of the Sun 

The apparent longitude may be computed from the geometric longitude tabulated on pages 
C4-C18 using: 

apparent longitude = tabulated longitude + nutation in longitude (Ay) — 20”.496/R 
where Ay is tabulated on pages B24—B31 and R is the true distance; the tabulated longitude is 


the geometric longitude with respect to the mean equinox of date. The apparent latitude is equal 
to the geometric latitude to the precision of tabulation. 


Time of transit of the Sun 


The quantity tabulated as “EEphemeris Transit” on pages CS—C19 is the TDT of transit of the 
Sun over the ephemeris meridian, which is at the longitude 1.002 738 AT east of the prime 
(Greenwich) meridian; in this expression AT is the difference TDT — UT. The TDT of transit 
of the Sun over a local meridian is obtained by interpolation where the first differences are about 
24 hours. The interpolation factor p is given by: 

p=-—A+ 1.002 738 AT 


where A is the east longitude and the right-hand side is expressed in days. (Divide longitude in 
degrees by 360 and AT in seconds by 86 400). During 1998 it is expected that AT will be about 
64 seconds, so that the second term is about +0.000 74 days. 

The UT of transit is obtained by subtracting AT from the TDT of transit obtained by 
interpolation. 


Equation of time 

The equation of time is defined so that: 

local mean solar time = local apparent solar — equation of time. 
To obtain the equation of time to a precision of about | second it is sufficient to use: 
equation of time at 12" UT = 12" — tabulated value of TDT of ephemeris transit. 

Alternatively it may be calculated for any instant during 1998 in seconds of time to a precision 

of about 3 seconds directly from the expression: 
equation of time = — 107.0 sin L + 596.1 sin 2L + 4.4 sin 3L — 12.7 sin 4L 
— 428.7 cos L— 2.1 cos 2L + 19.3 cos 3L 
where L is the mean longitude of the Sun, given by: 
L = 279°.465 + 0.985 647 d 
and where d is the interval in days from 1998 January 0 at 0" UT, given by: 
d = day of year (from B2—B3) + fraction of day from 0" UT 


Geocentric rectangular coordinates of the Sun 


The geocentric equatorial rectangular coordinates of the Sun are given, in au, on pages C20— 
C23 and are referred to the mean equator and equinox of J2000.0. The x-axis is directed towards 
the equinox, the y-axis towards the point on the equator at right ascension 6", and the z-axis 
towards the north pole of the equator. 

These geocentric rectangular coordinates (x, y, z) may be used to convert an object’s 
heliocentric rectangular coordinates (x,, yo, Z,) to the corresponding geometric geocentric 
rectangular coordinates (. Ny Cy) by means of the formulas: 


eo ec Ny FY ry G=zwz+2 


See pages B36—B339 for a rigorous method of forming an apparent place of an object in the solar 
system. 
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NOTES AND FORMULAS 


Elements of the rotation of Sun 
The mean elements of the rotation of the Sun during 1998 are given by: 

Longitude of the ascending node of the solar equator: 

on the ecliptic of date, 75°.73 on the mean equator of date, 16°.12 
Inclination of the solar equator: 

on the ecliptic of date, 7°.25 on the mean equator of date, 26°.13 
The mean position of the pole of the solar equator is at: 

right ascension, 286°.12 declination, 63°.87 
Sidereal period of rotation of the prime meridian is 25.38 days. 
Mean synodic period of rotation of the prime meridian is 27.2753 days. 


These data are derived from elements given by R. C. Carrington (Observations of the Spots 
on the Sun, p. 244, 1863). 


Heliographic coordinates 


The values of P (position angle of the northern extremity of the axis of rotation, measured 
eastwards from the north point of the disk), B, and L, (the heliographic latitude and longitude 
of the central point of the disk) are for 0" UT; they may be interpolated linearly. The horizontal 
parallax and semidiameter are given for 0" TDT, but may be regarded as being for 0" UT. 

If p,, are the observed angular distance and position angle of a sunspot from the center of 
the disk of the Sun as seen from the Earth, and p is the heliocentric angular distance of the spot 
on the solar surface from the center of the Sun’s disk, then 


sin(p+p,)=p,/S 
where S is the semidiameter of the Sun. The position angle is measured from the north point of 
the disk towards the east. 


The formulas for the computation of the heliographic coordinates (L, B) of a sunspot (or other 
feature on the surface of the Sun) from (p, @) are as follows: 


sinB = sin B, cos p+ cos B, sin pcos (P — @) 
cos B sin (L—L,) sin p sin (P — 6) 
cos B cos (L- L,) cos p cos B, — sin B, sin p cos (P — 8) 


where B is measured positive to the north of the solar equator and L is measured from 0° to 360° 
in the direction of rotation of the Sun, i.e., westwards on the apparent disk as seen from the Earth. 


SYNODIC ROTATION NUMBERS, 1998 


Date of Date of Date of 
Number Commencement Number Commencement Number Commencement 
1931°"1997 “Dec 26.17 1936 1998 May 11.70 1941 1998 Sept. 24.82 
1932 1998 Jan. 22.50 1937 June 7.91 1942 Oct. 22.10 
1933 Feb. 18.85 1938 July Dll 1943 Nov. 18.41 
1934 Mar. 18.17 1939 AUSau wleo7 1944 Dye, 1S) 7/2 
1935 Apr. 14.46 1940 Aug. 28.56 1945 1999 Jan. 12.06 


At the date of commencement of each synodic rotation period the value of L, is zero; that is, 
the prime meridian passes through the central point of the disk. 
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DYNAMICAL TIME 


FOR 0b 

Ecliptic Ecliptic 

Date Julian Long. Lat. 

Date 
for Mean Equinox 
of Date 
245 wee etd 
Jan. 0] 0813.5 279 20 37.41 

] 0814.5 280 21 47.97 —0.08 
2 0815.5 281 22 58.47 —0.20 
3 0816.5 282 24 08.81 1033) 
4 0817.5 PEs38) PS Ay) —0.47 
5] 08185 | 284 26 28.68 | —0.60 
6} 0819.5 | 285 27 38.09 | —0.71 
7| 0820.5 | 286 28 47.08 | —0.81 
8} 0821.5 | 287 29 55.64 | —0.87 
9} 0822.5 | 288 31 03.77 | —0.91 
10 0823.5 289 32 11.46 —0.92 
11 0824.5 290) 33\ 18775 —0.89 
12 0825.5 291 34 25.65 —0.84 
its) 0826.5 29263593 2219 = ake 
14 0827.5 293 36 38.39 — 0.66 
15 0828.5 294 37 44.27 —0.54 
16 0829.5 295 38 49.85 —0.41 
17 0830.5 296.3955), —0.28 
18 0831.5 297 41 00.09 —0.14 
19 0832.5 298 42 04.75 ==():02 
20 0833.5 299 43 09.08 +0.09 
21 0834.5 300 44 13.06 +0.18 
22 0835.5 301 45 16.66 0325 
23 0836.5 302 46 19.83 +0,29 
24 0837.5 303 47 22°55 +0.30 
25 0838.5 304 48 24.73 +0.28 
26 0839.5 305 49 26.33 +0.23 
Dy 0840.5 306 50 27.25 +0.15 
28 0841.5 307 51 27.40 +0.05 
29 0842.5 308 52 26.67 —0.08 
30 0843.5 309 53 24.96 = 0121 
3] 0844.5 310 54 22.15 —0.36 
Feb. | 0845.5 311 55 18.14 —0.49 
2 0846.5 B2 SOeIZ. 85 — 0.62 
3 0847.5 313 57 06.20 —OF72 
4 0848.5 314 57 58.14 —0.80 
5) 0849.5 315 58 48.64 —0.85 
6 0850.5 316 59 37.69 —0.87 
7 0851.5 318 00 25.28 —0.85 
8 0852.5 SNOLOL sMIA2 —0.80 
9 0853.5 320 01 56.13 = Ox73 
10 0854.5 321 02 39.44 —0.63 
1] 0855.5 322 03 21.36 —0.51 
12 0856.5 323 04 01.92 =a().39 
13 0857.5 324 04 41.15 S026 
14 0858.5 S205 908 lO? 
15 0859.5 S26q0505 5a +0.00 


Apparent 
Right 
Ascension 


20 45 


21 05 


2 NS 


38.28 
03.53 
28.47 
53.05 
Lie 


41.02 
04.35 
27.21 
49.57 
11.40 


32.69 
53.42 
13.56 
33.09 
52.00 


10.26 
27.87 
44.81 
01.07 
16.63 


31.47 
45.60 
58.99 
11.64 
23.53 


34.65 
45.00 
54.56 
03.32 
11.27 


18.40 
24.70 
30.16 
34.79 
38.59 


41.55 
43.68 
44.99 
45.47 
45.14 


44.00 


3 42.07 


39.35 
35.86 
31.60 


26.60 
20.87 


True 
Apparent Geocentric 
Declination Distance 
285 NONLIN 0.983 3518 
257 O1858:5, .983 3334 
2250. 5957) .983 3187 
22; 5) 3955 .983 3080 
22 45 40.0 .983 3016 
NOT 0.983 2998 
Pip yas esta Aes} .983 3029 
22? DS-1T-6 9833912 
22 17 36.8 .983 3250 
22 09 29.7 .983 3447 
22 OOP DOL, 0.983 3705 
2ST 57.8 .983 4026 
21 42 33.4 .983 4410 
QNeS 2 ras] .983 4858 
21, 2229-3 .983 5369 
a2, 11: (497 0.983 5944 
21 00 46.0 983 6580 
20 49 18.1 .983 7275 
20 37 26.4 .983 8029 
20 25 11.2 983 8838 
—2() 232.8 0.983 9700 
19. 59) S17, 984 0613 
19 46 08.0 .984 1575 
LOT 2a .984 2581 
19 18 14.7 984 3631 
—T119' 03: 45.9 0.984 4720 
18 48 56.0 .984 5847 
18%33,45.5 .984 7007 
18 18 14.8 .984 8201 
18 02 24.4 984 9425 
—17 46 14.5 0.985 0680 
17 29 45.6 .985 1966 
LJuli he 58.2 985 3284 
LO Oe eo 985 4638 
16 38 29.1 985 6029 
—16 20 48.3 0.985 7460 
16 02 50.5 985 8935 
15 44 36.3 .986 0455 
15 26 05.9 .986 2024 
1S 07 19.8 986 3644 
—14 48 18.4 0.986 5315 
14 29 02.1 .986 7038 
14 09 31.3 986 8814 
13 49 46.5 .987 0642 
13 29 48.0 .987 2521 
= 1137.09 36s) 0.987 4451 
ali? C4 9RINES 0.987 6429 
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FOR 05 DYNAMICAL TIME 
Position 

Heliographic , ; 

Dac Angle grap ate Semi- Ephemeris 

of Axis Latitude | Longitude reed piansy 

iP Br 1G; 

< 2 ° 74, 2 ae h om s 
Jan. OD) =F 2463 ==2.90 296.33 8.94 16 15.89 12 03 02.70 
1 2.14 3.01 283.16 8.94 16 15.91 12 03 31.25 
y 1.65 BIS} 269.99 8.94 16 15.92 12 03 59.46 
3 i bf 325 256.82 8.94 16 15.94 12 04 27.31 
4 0.68 3.36 243.65 8.94 16 15.94 12 04 54.75 
Se 0220) — 348 230.48 8.94 16 15.94 1205 2G 
Onl O29 3.59 2731 8.94 16 15.94 12 05 48.31 
7 OLR, 3.70 204.14 8.94 16 15.93 12 06 14.37 
8 1.25 3.81 190.97 8.94 16 15.92 12 06 39.92 
9 J 7h} 3.92 177.80 8.94 16 15.90 12 07 04.93 
10h =~ 2A 24:3 164.63 8.94 16 15.87 12 07 29.39 
1] 2.69 4.13 151.46 8.94 16 15.84 12 07953226 
12 Sy ile) 4,24 138.29 8.94 16 15.80 12 08 16.54 
1S) 3.64 4.34 125.13 8.94 [OW 1S576 12 08 39.20 
14 4.11 4.44 111.96 8.94 1LomSe7i] 12 09 01.24 
Sa} —=4"58 49) 98.79 8.94 16 15.65 12 09 22.62 
16 5.05 4.64 85.62 8.94 16 15.59 12 09 43.34 
a7 oy 4.74 72.45 8.94 Loe aS.S2 12 10 03.39 
18 5.98 4.84 59.29 8.94 16 15.44 12 108224575 
19 6.44 4.93 46.12 8.94 16 15.36 12 10 41.40 
20} — 6.90 —35)08) 32.95 8.94 16 15.28 12, 10859333 
Il 7235 ay? 19.79 8.94 16 15.19 12 Lines 4 
2 7.80 Bet 6.62 8.94 16 15.09 12 11 33.00 
23 8.25 5.30 353.45 8.93 16 14.99 12 11 48.71 
24 8.69 5.39 340.29 8.93 16 14.89 12 12 03.66 
25! — 93 047) 3272 8.93 16 14.78 12 12 17.84 
26 9.57 5.56 313.95 8.93 16 14.67 L238 ee? 
27 10.00 5.64 300.79 8.93 16 14.55 12 12 43.82 
28 10.43 Sy? 287.62 8.93 16 14.44 122 FS 52611 
29 10.85 5.80 274.46 8.93 OMIA? 12 13 06.58 
80) 27. = yisi/! 261.29 8.93 16 14.19 12 1381674 
3] 11.69 5.95 248.12 8.93 16 14.06 12 13 26.06 
Feb. 1 12.10 6.02 234.96 8.93 16 13.93 12 13°34.56 
2 12.51 6.09 221.79 8.92 16 13.80 123 EA2 
3 12.9] 6.16 208.63 8.92 16 13.66 12 13 49.03 
AY!) — 373i —16.28 195.46 8.92 LO M132 12 Wear 5t02 
5 13.70 6.29 182.29 8.92 16 13.38 12 VAROOW7. 
6 14.09 6.35 169.13 8.92 icy 30575) 12 14 04.50 
Vf 14.47 6.41 155.96 8.92 6) 13.07 12 14 08.01 
8 14.85 6.47 142.79 8.92 16 12.9] 12 14 10.70 
Oo SN) A — 6190 129.63 8.91 Tomer 5 12 14 12.60 
10 1559 6.59 116.46 8.91 16 12.58 12 VAS a7 
1] 15.95 6.64 103.29 8.91 16 12.40 12 14 14.04 
12 16.30 6.69 90.12 8.91 6h 222 12) 43611 
13 16.65 6.74 76.96 8.91 16 12.04 12 14 12.42 
14 | — 1700 Ow 63.79 8.91 16 11.85 1241050 
oy) Aes 16.83 50.62 8.90 16 11.65 12 14 07.85 
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Date 


Feb. 


Mar. 


Apr. 


a 
Ooaornnan 


NNN WN 
WN oO 


NO 
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NNN WN 
ONAN 


r- OOO ~ NNW Y = 


— jt 


a 
Amb WP 


NO Sos 
ow o~ 


nN 


NNN NY VY 
Nn WN 


WWNN WY 
— © 0 oo ~3 


Julian 
Date 


245 
0859.5 
0860.5 
0861.5 
0862.5 
0863.5 


0864.5 
0865.5 
0866.5 
0867.5 
0868.5 


0869.5 
0870.5 
0871.5 
0872.5 
0873.5 


0874.5 
0875.5 
0876.5 
0877.5 
0878.5 


0879.5 
0880.5 
0881.5 
0882.5 
0883.5 


0884.5 
0885.5 
0886.5 
0887.5 
0888.5 


0889.5 
0890.5 
0891.5 
0892.5 
0893.5 


0894.5 
0895.5 
0896.5 
0897.5 
0898.5 


0899.5 
0900.5 
0901.5 
0902.5 
0903.5 


0904.5 
0905.5 


SUN, 1998 


FOR 04 DYNAMICAL TIME 
Ecliptic Ecliptic Apparent i True 
Long. Lat Right pparent Geocentric 
Ascension Declination Distance 
for Mean Equinox 
of Date 
ape er a h om s oe y 
326 05 55.71 +0.00 21 53 20.87 =12 49 tile 0.987 6429 
327 06 31.06 +0812 21 57 14.42 12 28 34.3 .987 8454 
328 07 05.15 +0.21 222 O07 27 12 07 45.1 .988 0524 
329) OF 37:97 +0.29 22 04 59.43 11 46 44.2 .988 2635 
330 08 09.52 +033 22 08 50.92 11 25 32:0 .988 4785 
331 08 39.79 +0.36 22 12 41.76 104 709:0 0.988 6971 
332 09 08.78 +0.35 22). 16531.95 10 42 35.5 988 919) 
333 09 36.44 +0.31 223 20221 Si 10 20 52.0 .989 1440 
334 10 02.75 +0.24 22 24 10.45 9 58 58.9 2989 B75 
335 10 27.66 +0.14 22 27 58.80 9 36 56.6 .989 6013 
336 10 51.10 +0.02 22 31 46.55 —=9 4 45.6 0.989 8330 
337 WNew.98 = 0a? PLN Shahi 8-52 262 .990 0663 
338 11 33.23 —=027), 22. 39:120.33 8 29 58.9 .990 3010 
339 SSI e138 —0.41 22 43 06.38 8 07 24.0 990 5370 
340 12 08.38 —0.54 22 46 51.89 7 44 42.1 .990 7742 
341 12 23.08 — 0.66 22 50 36.88 —<] 21 63.4 0.991 0129 
342 12.35:77 095 22054-2135 6 58 58.5 19911 +2581 
343 12 46.38 —0.81 2258 0983 6.35 S78 991 4951 
344 12 54.87 —0.83 23 O1 48.83 6 12 S15 1991 7392 
345 13 01.23 —0.82 23 05 31.88 5 49 40.2 .991 9856 
346 13 05.44 —0.78 23 09 14.48 =™5S 26 2422 0.992 2346 
347 13 07.52 =O871 23 N2256167 5 03 04.0 .992 4863 
348 13 07.48 = 062 23 16 38.45 4 39 39.8 .992 7409 
349 13 05.34 Alpoull 23 20 19.86 4 16 12.1 .992 9986 
350003: O1RTS =089 23 24 00.91 3,52 413 1993 2593 
351 12 .54°98 =(0726 23 27 41.63 3B 129 10716 0:993 5231 
352 12 46.71 =OH2 23 31 22.04 5.05 Sik6 .993 7900 
353 128655 +0.01 23. 3502.07 2 41 53.4 .994 0600 
354 12 24.48 +02 23 38 42.04 218 1316 .994 3328 
$95 Sl2 aLOS3 +0,23 23 42 21.67 1 54 32.4 .994 6085 
356 11 54.73 +0331 23 46 01.09 =i 30 Sal 0.994 8867 
B57 W875i +087 23 49 40.33 1 07 07.3 995 1674 
Sree) UM ETE g, 5) +0.40 23) 531939 U 43 24.1 995 4501 
359 10 56.61 +0.40 23,1500 58.32 ="0 A9 400 .995 7348 
0 10 33.72 | +0.37 0 00 37.12 | + 0 04 O18 996 0209 
1 10 09,11 +0.32 0 04 15.82 0 27 43.7 0.996 3083 
2 09 42.77 +0,23 0 07 54.44 0 51 24.6 .996 5966 
3 09 14.68 + 0H2 0 11 33.00 ] 15 "089 996 8853 
4 08 44.83 + 0.00 ORMStel52 1 38 41.3 .997 1740 
5 08 13.18 —0.14 0 18 50.01 2 (02 “16% 997 4624 
6 07 39.65 —0.28 0 22 28.48 sted 25 498) 9.997 7501 
7 07 04.18 —0.41 0 26 06.97 2 49 18.8 998 0369 
8 06 26.67 ==(0'53 0 29 45.47 3 12 45.0 .998 3226 
9 05 47.05 —0.63 0 33 24.02 3 36 07.6 998 6071 
10 0S 05.24 —0.70 0 37 02.62 3 59267 998 8905 
1 04 21.16 =0:78 0 40 41.29 + 4 22 40.1 0.999 1730 
12 03 34.78 = 05/3 0 44 20.04 + 4 45 49.2 0.999 4547 


SUN, 1998 Gy] 
FOR 058 DYNAMICAL TIME 
a 
Position ; 
Heliographic \ ; 
D | Angle i Semi- Ephemeris 
we f Axi H. P. Diameter Transit 
Ph eX SIS Tigatitide | Longitude : 
|e B, IG 
Feb. 15] — 17.34 — 6.83 50.62 8.90 16 11.65 12 14 07.85 
16 17.67 6.87 37.45 8.90 16 11.45 12 14 04.49 
17 18.00 6.91 24.28 8.90 16 11.25 12 14 00.44 
18 18.33 6.95 11.11 8.90 16 11.04 12 13955 x71 
19 18.64 6.98 357.95 8.90 16 10.83 12 35031 
20 || — 18:95 02 344.78 8.89 16 10.62 12 13 44.26 
21 19.26 7.05 331.61 8.89 16 10.40 ame Sh) 8x7 Sie 
22 19.56 7.08 318.44 8.89 16 10.18 12. 138026 
23 19.85 HALO 305.27 8.89 16 09.95 12 13722334 
24 20.14 73 292.10 8.89 16 09.73 127-13 S382 
25.) — 2042 als 278.93 8.88 16 09.50 12 h3r 04572 
26 20.70 SG 265.76 8.88 16 09.27 12) 1255106 
27 20.97 T.A9 252.59 8.88 16 09.04 12 12 44.83 
28 21.23 T20 239.4] 8.88 16 08.81 12 12 34.06 
Mar. ] 21.49 122 226.24 8.88 16 08.58 12 22275 
D5 — eile =e) 213.07 8.87 16 08.35 12 -12/71.0:93 
3 21.98 7.24 199.90 8.87 16 08.11 12 11 58.60 
4 2222 7.24 186.72 8.87 16 07.88 12 11 45.79 
5 22.45 aS 1B55 8.87 16 07.64 12) 132150 
6 22.67 (BO*5) 160.38 8.87 16 07.40 12) WSC 7. 
TN 22289 = WS 147.20 8.86 16 07.16 12 11 04.60 
8 23.10 T25 134.02 8.86 16 06.91 12 10 50.02 
9 23.31 7.24 120.85 8.86 16 06.66 12 10 35.06 
10 23.51 7.24 107.67 8.86 16 06.41 12 10 19.74 
11] 23.70 7.23 94.49 8.85 16 06.16 | 12 10 04.07 
12 | = 23:89 = PP) 81.32 8.85 16 05.90 12 09 48.08 
13 24.07 | 68.14 8.85 16 05.64 12 09 31.80 
14 24.24 7.19 54.96 8.85 16 05.38 12 09 15.25 
15 24.40 TAG 41.78 8.84 16 05.11 12 08 58.46 
16] 24.56 7.15 28.60 8.84 16 04.85 | 12 08 41.44 
AG | eel 7h — “Halk! 15.42 8.84 16 04.58 12 08 24.21 
18 24.86 elu 223 8.84 16 04.31 12 08 06.81 
19 25.00 7.08 349.05 8.83 16 04.03 12 07 49.26 
20 2S 7.05 335.87 8.83 16 03.76 12) O7F3i057 
21 2525 7.02 322.68 8.83 16 03.48 12 07 13.76 
PLAN 75) Sif — 6.99 309.50 8.83 16 03.20 12 06 55.87 
23 25.48 6.95 296.31 8.82 16 02.92 12 06 37.90 
24 25.59 6.92 283.13 8.82 16 02.64 12 06 19.89 
25 25.68 6.88 269.94 8.82 16 02.36 12 06 01.84 
26 DET: 6.84 256.76 8.82 16 02.09 12 05%43.77 
27 || = 25186 — 6.80 243.57 8.81 16 01.81 Obs S70 
28 25.93 6.75 230.38 8.81 16 01.53 12 05 07.66 
29 26.00 6.70 217.19 8.81 16 01.26 12 04 49.64 
30 26.06 6.65 204.00 8.81 16 00.98 12 04 31.66 
31 26.12 6.60 190.81 8.80. 16 00.71 12204375) 
Apr. 1) = 26916 = 15.55) 1h -62 8.80 16 00.44 I2908 855.91 
2\\ — 26.20 = 6.50 164.43 8.80 16 00.17 12 03 38.16 


C8 


SUN, 1998 


FOR 0" DYNAMICAL TIME 
Ecliptic Ecliptic | Apparent e i True 
Date Julian Long. Lat. Right Bee Geocentric 
Date Ascension Declination Distance 
for Mean Equinox 
of Date 
245 o 2 4 hemi as Se 

Apr. 1 0904.5 11 04 21.16 =0:73 0 40 41.29 + 4 22 40.1 0.999 1730 
2 0905.5 12 03 34.78 0078 0 44 20.04 4 45 49.2 999 4547 
3 0906.5 13 02 46.06 —0.70 0 47 58.90 5-08 58:2 0.999 7360 
4 0907.5 14 01 55.01 —0.64 ORSIMS TST S317 1.000 0171 
3 0908.5 15 O01 01.64 =0!55 0 55 16.98 5 54 44.2 .000 2981 
6 0909.5 16 00 05.95 —0.44 0 58 56.25 +6! 178304 1.000 5793 
i! 0910.5 16 59 07.97 =0132 1 02 35.69 6 40 10.1 .000 8608 
8 0911.5 7 S8VOTS =Onn9 1 06 15.33 7 02 42.9 001 1427 
9 0912.5 18! STHOS.S3 —0.06 OS). Spas 7 25 08.3 001 4251 
10 0913.5 19 56 00.75 +0.07 [IS 3528 7 47 26.2 .001 7081 
11 0914.5 20 54 54.05 +-ON9 IEF S15:68 "8093622 1.001 9916 
12 0915.5 21 53 45.31 +0.29 TRZ0856.26 8 31 38.0 002 2757 
13 0916.5 22 52 34.56 +0.38 1 24 37.20 Segoe sel .002 5603 
14 0917.5 23 51 21.87 + 0.44 1 28 18.45 On TS oat .002 8452 
15 0918.5 24 50 07.29 +0.48 1 32 00.04 9 36 50.6 .003 1304 
16} 0919.5 25 48 50.88 +0.49 1 35 41.98 OFS 62 1.003 4156 
17 0920.5 26 47 32.69 +0.47 1 39 24.30 LOPLONSRD .003 7007 
18 0921.5 27 46 12.77 +0.43 1 43 07.02 10 40 37.5 003 9853 
19 0922.5 28 44 51.16 +0.36 1 46 50.14 11 01 32.6 .004 2692 
20 0923.5 29 43 27.89 +0.26 1 50 33.68 LP 22 69 .004 5520 
21 0924.5 30 42 03.00 +0.15 1 54 17.66 +11 42 50.0 1.004 8333 
22 0925.5 31 40 36.48 +0.02 1 58 02.08 12 03 11.6 005 1128 
23 0926.5 32 39 08.34 —0.11 2 O01 46.97 12 23 21.4 005 3901 
24 0927.5 33°371838.56 —0.24 2u0Sa32.32 1284351981 005 6647 
25 0928.5 34 36 07.09 =(136 DOA Sas 13 03 04.2 005 9362 
26 0929.5 35 34 33.88 — 0.46 2 13 04.48 +13*22586 1.006 2045 
27 0930.5 36 32 58.86 +053 ZAG S129 13 41 55.6 006 4692 
28 0931.5 87 B12 1095 SOIT 2 20 38.61 14 01 01.3 .006 7304 
29 0932.5 38 29 43.11 —0.58 2 24 26.43 14 19 53.0 006 9881 
30) |PP 09835 39 28 02.27 =0155 2 28 14.75 14 38 30.6 007 2425 
May 1 0934.5 40 26 19.41 —0.50 232°03.59 +14 56 53.6 1.007 4937 
2 0935.5 41 24 34.52 —0.42 235° 52:94 Lom O17 .007 7420 
3 0936.5 42 22 47.59 = 082 2 39 42.81 15) 3240477 007 9876 
4 0937.5 43 20 58.64 —0.20 2 43 33.20 W5¥a0"3201 008 2307 
5 0938.5 44 19 07.71 —0.07 2 47 24.13 16 07 53.6 008 4715 
6 0939.5 45 17 14.81 +0.06 2 51 15.60 +16 24 59.1 1.008 7102 
7 0940.5 46 15 20.01 +0.18 2 55 07.61 16 41 48.0 008 9468 
8 0941.5 47 13 23.34 +0.30 2 59 00.17 16 58 20.2 009 1817 
!) 0942.5 48 11 24.86 +0.41 SUBS 53.29 17 14 35.4 009 4147 
10) 0943.5 49 09 24.63 +0.49 3 06 46.97 17 3073312 009 6460 
1] 0944.5 50 07 22.73 +0.56 3 10 41.22 7 462185 1.009 8757 
12 0945.5 DIOS 92 +0.60 3 14 36.05 18 O1 35.8 010 1037 
13 0946.5 52 03 14.15 +0.61 3 18 31.45 18 16 40.0 .010 3299 
14 0947.5 53 01 07.63 +0.60 SR2 26 27-43 18 Bia) 010 5543 
15 0948.5 DBS DOM +0.56 Ban 23.99) 18 45 52.7 010 7768 
16] 0949.5 54 56 50.48 +0.49 S)5310) PAIS: +19 00 00.8 1.010 9972 
17095055 55 54 40.00 +0.40 3 34 18.84 +19 13 49.6 HOME 2152 


SUN, 1998 C9 
FOR 05 DYNAMICAL TIME 
Position 

Heliographic : : 
re Angle grap nee Semi- Ephemeris 

OEPAISS TTT rambles Longimdes| = 2 tp ameter Teens 

I2 B, IE 

° ° ° “~ , ” h m Ss 
Apr. 1b) (=-26716 = (ya)5) 177.62 8.80 16 00.44 12 03 55.91 
2 26.20 6.50 164.43 8.80 16 00.17 12 03 38.16 
3 26.24 6.44 151.23 8.80 15 59.90 2503205 ik 
4 26.26 6.38 138.04 8.79 15 59.63 12 03 03.00 
5 26.28 6.32 124.84 8.79 15 59.36 12 02 45.64 
6 | = 26:29 0.20 111.65 8.79 15 59.09 12 02 28.44 
I 26.29 6.20 98.45 8.79 15 58.82 12 02 11.43 
8 26.29 6.13 85.25 8.78 SES 895 12 O1 54.63 
9 26.28 6.06 72.05 8.78 15 58.28 12 01 38.06 
10 26.26 5.99 58.86 8.78 15 58.01 0! A} 
1 262-4 55192 45.66 8.78 152157.74 12 O1 05.68 
12 26.21 5.85 32.45 8.77 ey, yy 219/ 12 00 49.91 
13 26.17 5.78 19.25 8.77 Sy By AES) 12 00 34.45 
14 26.12 90 6.05 8.77 15 56.92 12 00 19.32 
15 26.06 5.62 352.85 8.77 15 56.65 12 00 04.54 
16 | — 26.00 == 5).5y! 339.64 8.76 [5e 5H38 BE Se) SOY 
17 25.93 5.46 326.44 8.76 Lomonlt 11 59 36.08 
18 25.86 5.38 313.23 8.76 15 55.84 11 59 22.44 
19 D577. 5.30 300.02 8.76 Syn S59) 11 59 09.21 
20 25.68 SH) 286.82 8.75 15 55.30 11 58 56.42 
2G) — 25158 =) Ne 273.61 8.75 157955103 11 58 44.06 
2) 25.47 5.04 260.40 8.75 15 54.76 LIS SSAS2516 
23 25.36 4.95 247.19 8.75 1594250 OE Ses, BOIS 
24 25.24 4.86 233.98 8.74 15 54.24 11 58 09.78 
25 25M 4.76 220.77 8.74 15 53.98 LieS7e59'3i1 
26 | — 24.98 — A677) 207.56 8.74 US), 335), 7/5) 11 57 49.33 
27 24.83 4.58 194.35 8.74 15 53.48 11 57 39.84 
28 24.68 4.48 181.13 8.74 15a 323 Ly S78 0185 
29 24.53 4.38 167.92 8.73 15 52.99 Lie Si 222:37) 
30 24.36 4.28 154.71 8.73 ye 2a7.4 11 57 14.39 
May le ee NE) = 48 141.49 8.73 a). Bow 11 57 06.92 
2 24.01 4.08 128.27 8.73 NS» Sy Pi 11 56 59.97 
5} 23.82 3.98 115.06 8.72 15 52.04 Le S6m53 54) 
4 23.63 3.88 101.84 8.72 Lele 11 56 47.65 
5 23.43 Sy 88.62 8.72 ey Bye) 11 56 42.29 
Gllat—3 2 == Bh oy 75.40 8.72 15 51.36 11 56:37:47 
i 23.01 3.56 62.18 8.72 15m Sule 4 gl. sho} 371 
8 22.79 3.46 48.96 8.71 15 50.91 11 56 29.50 
9 22.56 She 3b) 35.74 8.7] 15 50.69 Li S6nz6:35 
10 22.32 3.24 PIPL Oy 8.71 15 50.48 11s 56823°76 
11a 22108 = IS) 9.29 8.71 LS 026 PIS ORAS 
12 21.83 3.02 356.07 8.7] Lae S0I05 11 56 20.30 
13 QNaS 7, 2.91 342.84 8.70 15 49.83 11 56 19.44 
14 21e31 2.80. 329.62 8.70 15 49.62 Li S69: 15 
NS) 21.04 2.68 316.39 8.70 15 49.4] 11 56 19.43 
L6Ne— 2077 == SS) 303.17 8.70 15 49.2] 11 56 20.30 
17a) 20748 =— 2.45 289.94 8.70 15 49.00 11 56° 21.74 


C10 SUN, 1998 
FOR 08 DYNAMICAL TIME 


| Ecliptic Ecliptic | Apparent “ : True 
ae Julian Long. Lat. Right Prey Geocentric 
Date Ascension Declination Distance 
for Mean Equinox 
of Date 
245 Oo ee ” “ h om Sis ob. ” 

May 17 0950.5 55 54 40.00 +0.40 3 34 18.84 +19 13 49.6 1.011 2152 
18 0951.5 56 52 28.32 +0:29 3 38 17.14 LO DZT7MUS:9 O11 4305 
19 0952.5 STS ORI S252 +0817 3 42 16.00 19 40 28.4 O11 6429 
20 0953.5 58 48 01.62 +0.05 3 46 15.44 19) SSeS. LOLI SSL9 
21 0954.5 59 45 46.65 —0.08 3 50 15.43 20 05 47.1 012 0572 
22 0955.5 60 43 30.62 —0.19 3 54 15.99 20/7 57 1.012 2584 
23 0956.5 61 41 13.54 = 029 3 58 17.08 20 29 43.6 .012 4550 
24 0957.5 62 38 55.36 —0S7 4 02 18.72 20 41 10.3 012 6468 
25 0958.5 63 36 36.04 —0.41 4 06 20.88 20 S2015:8 .012 8335 
26 0959.5 64 34 15.55 —0.43 4 10 23.55 ZNO2RS DS .013 0149 
Dif 0960.5 65 31 53.81 —0.41 4 14 26.70 #21 382210 1.013 1909 
28 0961.5 66 29 30.80 —0.36 4 18 30.33 21) 2392233 013 3617 
29 0962.5 67 27 06.46 —0.28 4 22 34.40 21 33 00.3 013 5273 
30 0963.5 68 24 40.77 —0.18 4 26 38.91 21 42 15.9 .013 6879 
3 0964.5 69 22 13.74 —0.07 4 30 43.83 21 51 08.8 013 8437 

June l 0965.5 70 19 45.36 +0.06 4 34 49.16 F215 593439:0 1.013 9950 
2 0966.5 71 17 15.66 +0.18 4 38 54.86 22 07 46.0 .014 1420 
3 0967.5 72 14 44.66 +0.31 4 43 00.93 22159299 .014 2849 
4 0968.5 73 12 12.40 +0.43 4 47 07.36 22 22 50.4 014 4238 
5 0969.5 74 09 38.93 4.0153 4 51 14.12 22 29 47.4 014 5591 
6 0970.5 75 07 04.29 +0.62 4 55 21.20 F223 6820.7 1.014 6908 
i! 0971.5 76 04 28.55 +0.68 4 59 28.58 22°42) 30,2 014 8191 
8 0972.5 77 Ol 51.76 aTpOZ 5 03 36.25 22 48 15.7 014 944] 
9 0973.5 77 59 14.01 +0.74 5 07 44.19 22153" 373 01S 0659 
10 0974.5 78 56 35.38 +0.72 Sbly 52.38 22 58 34.6 OLS 1847 
1] 0975.5 TES) SPB) +0.68 5 16 00.81 237038077 1.015 3004 
12 0976.5 80 51 15.77 +0.62 5 20 09.45 23 07 16.5 015 4130 
13 0977.5 81 48 34.97 +0.53 5 24 18.29 23 11 00.8 015 5224 
14 0978.5 82 45 53.63 +0.42 5928) 2731 23 14 20.7 015 6285 
15 0979.5 83 43 11.83 +0.30 5 32 36.48 23ATMSY OVS RASH! 
16 0980.5 84 40 29.64 +0.17 5 36 45.80 +23 19 46.6 1.015 8300 
Ty 0981.5 85 37 47.14 +0.05 5 40 55.23 23e2T 15205 01S 9247 
18 0982.5 86 35 04.36 —0.07 5 45 04.76 23) 2383357 016 0151 
19 0983.5 87 32 21.34 = (O07 5 49 14.37 23 24 50.2 016 1006 
20 0984.5 88 29 38.10 mO25 5 53 24.03 23 25 41.8 O16 1810 
21 0985.5 89 26 54.64 030 807) 33872 +23 26 08.7 1.016 2559 
22 0986.5 90 24 10.94 mOS2 6 O1 43.41 23 26 10.7 .016 3250 
23 0987.5 ON 215 26,97 =031 6 05 53.07 23 25 48.0 016 3881 
24 0988.5 92 18 42.69 0:26 6 10 02.67 23 25 00.6 .016 4450 
25 0989.5 93 15 58.07 mOsl9 Omk4s 12019 23 23 48.4 016 4956 
26 0990.5 94 13 13.05 S010 Om Sa 2les9 +2 22a RO 1.016 5402 
27 0991.5 95 MIOE2 762 +0.02 6 22 30.84 23 20 10.1 016 5787 
28 0992.5 96 07 41.75 +0.14 6 26 39,92 23 17 44.0 016 6113 
29 0993.5 97 04 55.45 O27 6 30 48.80 2375 145533 016 6383 
30 0994.5 98 02 08.71 +0.40 6 34 57.45 23a INB8eZ 016 6598 

July ] 0995.5 DomSDE ZI) S O52 6 39 05.86 +:23:,07 S857 1.016 6762 
2 0996.5 99 56 34.00 +0.62 6 43 14.00 +23 03 54.9 1.016 6875 


SUN, 1998 Gil 
FOR 08 DYNAMICAL TIME 

Position : } | 

Angle Moho taavie Semi- Ephemeris 
rate f Axi Hil H. P Diameter Transit 
Phases} Latitude Longitude 
ie By 1 
° ° ° “ ‘ “” h m s 

May 17] — 20.48 25 289.94 8.70 15 49.00 Il S6q@21574 
18 20.19 2.34 276.71 8.69 15 48.80 11 56:23:77 
19 19.90 Denn, 263.49 8.69 1S 48.60 11 56 26.36 
20 19.60 ald 250.26 8.69 15 48.40 PS 6929152 
21 1929 1299 237.03 8.69 1S 48.21 11 56 33.24 
22) = 118298 = Wes 223.80 8.69 15 48.02 1) SOesi52 
23 18.66 1.76 210.57 8.69 1S 47.84 11 56 42.34 
24 18.33 1.64 197.34 8.68 15 47.66 11 56 47.68 
25 18.00 kay? 184.11 8.68 15 47.49 11 56 53.54 
26 17.66 1.40 170.88 8.68 1S 47.32 Il S6R59:89 
Dia Tees E128 157.65 8.68 1S 47.15 11 57 06.72 
28 16.97 1.16 144.42 8.68 1S 46.99 11 57 14.01 
29 16.62 1.04 131.19 8.68 15 46.84 ll Saehe74 
30 16.26 0.92 117.95 8.68 15 46.69 11 5729.90 
31 15.89 0.80 104.72 8.67 15 46.54 11 57 38.47 
June 3) a= D2 — 0.68 91.49 8.67 15 46.40 11 57 47.43 
2 15.15 0.56 78.26 8.67 1S 46.26 11 57 56.77 
3 14.77 0.44 65.02 8.67 15 46.13 11 58 06.47 
4 14.39 0.32 le) 8.67 15 46.00 IRS 8 gGei 
> 14.00 0.20 38.55 8.67 15 45.87 11 58 26.88 
6h a= tte SOL08 Aye 8.67 15 45.75 IP Seen Sia/caKo) 
7 Sez + 0.04 12.08 8.67 15S 45.63 11 58 48.54 
8 12.81 0.16 358.85 8.66 1S 45.51 Wl 895979 
9 12.40 0.28 345.61 8.66 15 45.40 1 659 piel 30 
10 TS) 0.40 3825317 8.66 15 45.29 1 959 723.05 
LF) ess 3.0.52 319.14 8.66 15 45.18 11 5935.03 
12 Tle, 0.64 305.90 8.66 15 45.08 11 59 47.22 
13 10.75 0.76 292.67 8.66 15 44.98 11 59° 59.59 
14 10.32 0.88 279.43 8.66 15 44.88 12 00eI2s13 
15 9.90 1.00 266.19 8.66 15 44.78 12 00 24.82 
16| — 9.47 stage lle 252.95 8.66 15 44.69 12 00 37.65 
17 9.04 1.24 239.72 8.66 15 44.60 12 00 50.58 
18 8.60 1.36 226.48 8.66 1S 44.52 12 01 03.60 
19 8.17 1.48 213.24 8.65 1S 44.44 12 O15 16:69 
20 TaI3 1.60 200.01 8.65 15 44.36 12 O01 29.81 
Qe) — 29 tela 186.77 8.65 15 44.29 12 O1 42.95 
22 6.84 1.83 173253 8.65 15 44.23 12 O01 56.07 
2B 6.40 1295 160.30 8.65 15 44.17 12 02 09.15 
24 5.95 2.06 147.06 8.65 1S 44.12 12 02 22.16 
DS 5.50 2.18 133.82 8.65 15 44.07 12 02 35.05 
26h |i 06 ap APN) 120.59 8.65 15 44.03 12 02 47.82 
27 4.60 2.4] LOF35 8.65 15 43.99 12 03 00.43 
28 4.15 Day 94.12 8.65 15 43.96 12 03 12.86 
73) 3.70 2.63 80.88 8.65 15 43.94 12 03 25.08 
30 5225) 2.74 67.64 8.65 15 43.92 12 03 37.06 
July ise Ze + 2.86 54.41 8.65 15 43.90 12 03 48.79 
2 | A= 4 a PHT 41.17 8.65 15 43.89 12 04 00.24 


Clip SUN, 1998 
FOR 05 DYNAMICAL TIME 


— s 
Ecliptic Ecliptic | Apparent True 
Julian Long. Tht Right PE ARG Geocentric 
Date __| Ascension Declination Distance 
for Mean Equinox 
of Date 
245 oa Ba yz be me ghd pipes 8a 

July 1 0995.5 O85 9E2 155 +0.52 6 39 05.86 +23 07 58:7 1.016 6762 
2 0996.5 99 56 34.00 +0.62 6 43 14.00 23103 549 .016 6875 
3 0997.5 100 53 46.08 ql). dp! 6 47 21.86 22 59 269 016 6942 
4 0998.5 101 50 57.84 +0.78 6 51 29.41 22 54 34.9 016 6963 
B) 0999.5 102 48 09.32 +0.82 6 55 36.63 22 49 18.9 .016 6942 
6 1000.5 103 45 20.58 +0.84 6 59 43.50 +22 43 39.1 1.016 6880 
7 1001.5 104 42 31.69 +0.83 7 03 50.02 223793979 .016 6780 
8 1002.5 105 39 42.70 +0.79 7 07 56.16 22 31 t08% .016 6643 
9 1003.5 106 36 53.71 +0.72 PAD 01.90 22 24 183 .016 6470 
10 1004.5 107 34 04.80 +0.63 7 16 07.24 22 17 04.8 .016 6264 
11 1005.5 108 31 16.07 +0.52 mL 2S +22 09 28.3 1.016 6024 
12 1006.5 109 28 27.61 +0.40 7 24 16.62 22 01 28.9 .016 5750 
13 1007.5 110 25 39.52 + 0.26 7 28 20.65 21 53 06.8 .016 5442 
14 1008.5 WL 122589 +0.13 TF 32 24.23 21 44 22.2 .016 5097 
15 1009.5 112 20 04.80 +0.01 jh *36*27. 33 2IBSEPSS 016 4713 
16 1010.5 P13 E17 e18231 —0.10 7 40 29.96 21125463 1.016 4288 
17 1011.5 114 14 32.49 O09 7 44 32.10 21 15 55.4 .016 3818 
18 1012.5 115 11 47.36 =024 7 48 33.74 21 05 42.9 .016 3300 
19 1013.5 116 09 02.94 =i), 7 52 34.88 20 55 08.8 .016 2730 
20 1014.5 117 06 19.23 027 7 56 35.49 20 44 13.6 016 2105 
21 1015.5 118 03 36.21 0123 8 00 35.56 +20 32 57.4 1.016 1424 
22 1016.5 119 00 53.87 = (OM 8 04 35.09 20 21 20.4 .016 0684 
23 1017.5 119 58 12.16 —0.07 8 08 34.05 20 09 23.1 O15 9884 
24 1018.5 120 55 31.05 +0.04 SNS 2.43 19 STAOSS 015 9024 
25 1019.5 12 1%52%502 4+-0.16 8 16 30.22 19 44 28.0 1S 8105 
26 1020.5 122 50 10.54 +0.29 8 20 27.41 +19 31 30.9 1.015 7128 
27 1021.5 123 47 31.08 +0.42 8 24 24.00 19 18 14.3 O15 6094 
28 1022.5 124 44 52.14 +0.54 8 28 19.98 19 04 38.6 O15 S005 
29 1023.5 L2SR4E2 32 +0.65 S526 15.33 18 S50 44.1 O15 3863 
30 1024.5 126739 35:82 +0.75 8 36 10.07 18 36 30.9 DIS 2672 
3] 1025.5 127 36 58.45 +0.82 8 40 04.18 8. DISKS 1.015 1433 
Aug. ] 1026.5 128 34 21.63 +0.87 8 43 57.67 18 07 10.1 015 0149 
Z 1027.5 129 31 45.40 +0.89 8 47 50.53 17 S2029 .014 8823 
3 1028.5 130 29 09.79 +0.88 SSP 42497. 17 36°38 .014 7458 
4 1029.5 131 26 34.84 +0.85 8 55 34.39 17 20 56.6 .014 6057 
5 1030.5 132 24 00.61 +0.79 8 59 25.40 +17 04 58.1 1.014 4621 
6 1031.5 [33821927216 +0.70 S408") S79) 16 48 43.0 014 3154 
i 1032.5 134 18 54.56 +0:59 9 07 05.58 lo S2AM1ey 014 1659 
8 1033.5 13516722.91 + 0.46 9 10 54.77 16 15 24.5 .014 0136 
9 1034.5 136° 13752729 +0832 9 14 43,36 IS) S821k5 O13 8588 
10 1035.5 Le 2582: +0.18 9 18 31.38 “lS! 4103.3 1.013 7014 
1] 1036.5 138 08 54.58 +0.05 9 22 18.82 ISHQ3V299 013 5415 
12 1037.5 139 06 27.67 =O(07 9 26 05.71 1S 05 41.7 .013 3788 
13 1038.5 140 04 02.17 ORs 929° 52:06 14 47 39.0 013 2133 
14 1039.5 141 O1 38.15 —0.24 998337187 14 29 22.0 013 0445 
15 1040.5 141 59 15.64 —0.28 O37 23116 +14 10 51.2 1.012 8722 
16 1041.5 142 56 54.68 —0.28 9 41 07.94 FISH 206" 1.012 6961 


SUN, 1998 15 
FOR 0 DYNAMICAL TIME 
Position F : 
Angle ame Semi- Ephemeris 
Date f Axi H. P. Diameter Transit 
OF AXIS | Latitude | Longitude ; 
He By Ly 
° ° ° “ , “ hom s 

July 1h = 2S + 2.86 54.41 8.65 15 43.90 12 03 48.79 
2 2.34 2.97 41.17 8.65 15 43.89 12 04 00.24 
3) 1.89 3.07 27.93 8.65 15 43.89 12 04 11.39 
4 1.43 3.18 14.70 8.65 15 43.89 12 04 22.22 
5 0.98 3y29 1.46 8.65 15 43.89 12 04 32.72 
Gi 1058 + 3.40 348.23 8.65 15 43.89 12 04 42.86 
eh == qOL07, 3.50 334.99 8.65 15 43.90 12 04 52.63 
Si a Oss 3.61 321.76 8.65 15 43.92 12 0580270) 
g 0.83 Si 308.52 8.65 15 43.93 12) 05h 1099 
10 1.28 3.82 295729 8.65 15 43.95 12) O5e1955 
Vii aa73 stS92 282.05 8.65 15 43.97 12, 05), 27.69 
12 2.18 4.02 268.82 8.65 15 44.00 12) 0543538 
13 2.63 4.12 295.98 8.65 15 44.03 12 05 42.63 
14 3.08 4.22 242.35 8.65 15 44.06 12 05 49.42 
15 3.52 4.31 229 8.65 15 44.09 IDR OSES N1S 
16) || + B96 + 4.41 215.88 8.65 15 44.13 12 06 01.56 
ile 4.40 4.5] 202.65 8.65 15 44.18 12 06 06.90 
18 4.84 4.60 189.42 8.65 1S 44.23 12 06 11.74 
19 5.28 4.69 176.19 8.65 1S 44.28 12 06 16.05 
20 S72 4.78 162.96 8.65 15 44.34 12 06 19.83 
PAA ras # Gy) + 4.87 149.73 8.65 1S 44.40 12 06 23.07 
22 6.58 4.96 136.50 8.66 1S 44.47 12) 06025475 
oe 7.01 5.05 WBF 8.66 1S 44.54 12 06 27.86 
24 7.43 5.14 110.04 8.66 1S 44.62 12 06 29.39 
25 7.86 S22 96.81 8.66 15 44.71 12 06 30.32 
26 || ar 8:28 425.30 83.58 8.66 15 44.80 12 06 30.66 
27 8.69 5639 70.35 8.66 15 44.90 12 06 30.38 
28 Omi 5.47 57.12 8.66 15 45.00 12 06 29.50 
29 9:52 2505) 43.90 8.66 15 45.10 12 06 27.99 
30 O92 5.62 30.67 8.66 15 45.21 12 06 25.86 
8h | ar 106s “te 10) 17.44 8.66 15 45.33 1s OG 281i 
Aug. ] 10.73 yl 4.22 8.66 15 45.45 12 06 19.73 
2 ee 2: 5.84 350.99 8.67 15 45.57 12) OOPS E/2 
3 Nalisy? 5.92 BhS iT 8.67 15 45.70 12 06 11.10 
4 11.91 5.98 324.54 8.67 15 45.83 12 06 05.85 
|) ar 19 + 6.05 SHES 8.67 15 45.96 12) 05959199 
6 12.67 6.12 298.09 8.67 15 46.10 Oe 5)3),5)! 
7 13.05 6.18 284.87 8.67 15 46.24 12 05 46.44 
8 13.43 6.25 271.65 8.67 15 46.38 12 05 38.77 
9 13.80 6.31 258.42 8.67 15 46.53 1 O5yS0i52 
10 | + 14.16 96:37) 245.20 8.68 15 46.67 12 05) 21,69 
1] 14.52 6.42 231.98 8.68 15 46.82 12 Odri2"31 
12 14.88 6.48 218.76 8.68 15 46.98 12 05 02.38 
13 15.23 6.53 205.54 8.68 15 47.13 12 04 51.90 
14 15.58 6.58 192.32 8.68 15 47.29 12 04 40.90 
oP |) et 92 + 6.63 179.10 8.68 1S 47.45 12 04 29.39 
16 | + 16.26 + 6.68 165.88 8.68 15 47.61 12 04 17.36 


C14 SUN, 1998 
FOR 08 DYNAMICAL TIME 
. Ecliptic Ecliptic | | Apparent " ’ True 
Date Julian Long. Lat. Right ee Geocentric 
Dare Ascension Declination Distance 
for Mean Fquinox 
of Date 
245 oe, ” iam as ewe 

Aug. 16 1041.5 142 56 54.68 —0.28 9 41 07.94 AS 52 ox 1.012 6961 
Vi 1042.5 143 54 35.29 —0.26 9 44 52.22 1373370910 LOID S159 
18 1043.5 144 52 17.44 =(0!20 9 48 36.00 [BSS 9538 012 3314 
19 1044.5 145 50 01.13 =ON2 9252 19:29 1254 73510 012 1423 
20 1045.5 146 47 46.34 —0.01 D856 102310 12 34 59.4 O11 9486 
21 1046.5 147 45 33.03 1, OMla 9 59 44.43 ali2 1S Sta 1.011 7502 
22 1047.5 148 43 21.16 +0.24 WOROSEZ6:29 Il 5S: 2t6 011 5470 
23 1048.5 149 41 10.72 +0137 10 07 07.69 11 35 02.1 LOL 33911 
24 1049.5 150 39 01.66 +0.49 10 10 48.65 11 14 40.6 O11 1266 
25 1050.5 lal 36 93.95 +0.61 10 14 29.17 10 54 08.5 .010 9097 
26 1051.5 152 34 47.59 TOW! 10 18 09.26 +10 33 26.0 1.010 6886 
Py 1052.5 153 32 42.55 = O79 10 21 48.94 1012 33° 010 4634 
28 1053.5 154 30 38.83 +0.84 10 25. 28.23 9231 313 010 2344 
29 1054.5 155 28 36.42 +0.87 LOS292 07.13 9 30 19.8 010 0019 
30 1055.5 156 26 35.33 +0.87 10 32 45.66 9 08 593 009 7662 
Bi 1056.5 157 24 35.56 +0.85 10 36 23.84 + 8 47 30.1 1.009 5275 
Septs 1057.5 158 22 37.14 “POR9 10 40 01.68 8 125: 525 009 2862 
2 1058.5 159 20 40.09 FOUR 10 43 39.20 8 04 06.9 009 0426 
a 1059.5 160 18 44.44 +0.60 10 47 16.41 7 42 “135 008 7971 
4 1060.5 161 16 50.25 +0.48 10 50 53.34 7 20 12.8 008 5499 
5 1061.5 162 14 57.59 +0.34 10 54 30.00 “6:33 2058 1.008 3014 
6 1062.5 163 13 06.52 +0.19 10 58 06.42 6:35 505 008 0519 
7 1063.5 164 11 17.14 +0.05 11 Ol 42.61 6° 1342955 007 8015 
8 1064.5 LoS) 0929'55 —0.07 11 05 18.61 5 51 02.4 007 5504 
0 1065.5 166 07 43.84 —0.18 11 08 54.43 5 28 29.4 007 2985 
10 1066.5 167 06 00.10 027 Pe) 30511 ro OS #5088 1.007 0457 
1] 1067.5 168 04 18.40 ==0132 11 16 05.66 4 43 06.9 006 7918 
12 1068.5 169 02 38.80 =038 11 19 41.11 4 20 18.0 006 5366 
Ne 1069.5 170) O% O1.33 =0732 11 23 16.47 3 57 24:6 006 2797 
14 1070.5 170 59 26.01 =027 KPRZO9 S177 3 34 26.8 006 0210 
15 1071.5 (71 5% 92.83 —0.19 PSO 27,03. “Sell S25yk 1.005 7602 
16 1072.5 172 56 21.80 sea.) U0) 11 34 02.25 2-48 19.7 005 4970 
17 1073.5 173 54 52.88 +0.02 11 37 37.46 2 25 Fal 005 2314 
18 1074.5 174 53 26.05 +0.14 11 41 12.67 2 Oil 35955 004 9631 
2) 1075.5 175. 52 101.26 = Ore 11 44 47.90 1 38 45.4 004 6922 
20 1076.5 176 50 38.48 TOD? 11 48 23.17 Pte 1 aS B20 1.004 4187 
21 1077.5 177 49 17.68 +0351] Piss 58:50 0°52 VOW. 004 1425 
22 1078.5 178 47 58.79 +0.61 11 55 33.90 Oe28 e509 .003 8638 
23 1079.5 179 46 41.80 +0.70 11 59 09,39 H+ O405 £299 .003 5828 
24 1080.5 180 45 26.66 +0.76 12 02 44.99 50 7 S20 .003 2994 
oS) 1081.5 181 44 13.34 +0.79 12 06 20.71 — 0 41 144 1.003 0141 
26 1082.5 182 43 01.81 +0.80 12 09 56.58 1 04 36.9 002 7269 
oH 1083.5 183 41 52.05 +0.78 I aaliowe 2.02 M27 S590 002 4383 
28 1084.5 184 40 44.04 +0.74 12 17 08.84 1°51 20:9 002 1483 
29 1085.5 185 39 37.76 +0.66 12 20 45.26 2 14 41.6 001 8575 
30 1086.5 186 38 33.22 +0.57 12 24 21.90 2 SSa0al 1.001 5660 
Oct. ] 1087.5 187 37 30.40 +0.45 ODT S879. samo Ob I8)i0 1.001 2743 


SUN, 1998 als 
FOR 08 DYNAMICAL TIME 
Position Heli hi 

Angle aes Semi- Ephemeris 

Date , HP. ney pees 

pees Latitude | Longitude ee zai 

[eee B, Ib 
° ° ° ”~ , ” h m S 

Aug. 16] + 16.26 + 6.68 165.88 8.68 1S 47.61 12 04 17.36 
17 16.60 6.73 152.67 8.69 15 47.78 12 04 04.82 
18 16.93 6.77 139.45 8.69 15 47.96 12 03 51.80 
19 NP) 6.82 126.23 8.69 1S 48.13 12 03 38.29 
20 L7eo%7 6.86 113.02 8.69 15 48.31 12 03 24.30 
Zia) ate L789 +-6.90 99.80 8.69 15 48.50 12 03 09.84 
22 18.20 6.93 86.59 8.69 15 48.69 12 02 54.92 
23 18.50 6.97 3:37 8.70 15 48.89 12 02 39.55 
24 18.80 7.00 60.16 8.70 15 49.08 12 02 23.74 
25 19.10 7.03 46.95 8.70 15 49.29 12 02 07.50 
26a\ 1 19389 + 7.06 33:13 8.70 15 49.50 12 01 50.84 
27 19.67 7.09 20.52 8.70 15 49.71 12 01 33.78 
28 19.95 HA Hees 8.71 15 49.92 12) Olewio.32 
29 20.22 UellS) 354.10 8.71 15S 50.14 12 00 58.49 
30 20.49 7.16 340.89 8.71 15 50.36 12 00 40.29 
Bil) a 20876 =e viel 327.68 8.71 15 50.59 12 00 21.75 
Sep tyre | 21.01 7.19 314.47 8.71 15 50.82 12 00 02.87 
2 21527 UPD 301.26 8.72 15 51.04 11 59 43.68 
3 21.51 Tp? 288.05 8.72 LS £5128 11 59 24.20 
4 DTS 7.23 274.84 8.72 LS a1 5d 11 59 04.44 
SF) aero) + 7.24 261.63 8.72 1S 51.74 11 58 44.43 
6 Dee 7.24 248.42 8.72 laa e98 11 58 24.19 
i 22.44 >) 235,22 8.73 lego 222 11 58 03.74 
8 22.66 Us: 222.01 8.73 15 52.45 11 57 43.10 
9 22.87 Ue2> 208.80 8.73 I 192/69 Tl 9722531 
10 | + 23.08 ae 725 195.60 8.73 1S £5293 OES 7 
1] 23.28 UPS 182.39 8.73 Sy) SHIH 11 56 40.32 
12 23.47 7.24 169.19 8.74 15 53.4] 11 56 19.18 
13 23.66 J23 155199 8.74 15 53.66 I 55: 657.96 
14 23.84 UA? 142.78 8.74 15 53.90 11 55 36.68 
15 | + 24.02 ta fDi 129.58 8.74 1S 54.15 D5 WS.37 
16 24.19 HANG) 116.38 8.75 15 54.40 11 54 54.03 
17 24.35 7.18 103.18 8.75 15 54.65 11 54 32.69 
18 24.5] 7.16 89.98 8.75 15 54.9] 11 54 11.36 
19 24.66 7.14 76.78 8.75 15 55.16 11 53 50.07 
20 | + 24.81 ate 63.58 8.76 15 55.42 Fl 53:28:82 
21 24.95 7.09 50.38 8.76 IS, £55169 11 53 07.64 
BE 25.08 7.06 37.18 8.76 ISS a) ) 11 52 46.54 
23 25.20 7.03 23.98 8.76 15 56.22 11 52 25.54 
24 2982 7.00 10.78 8.77 15 56.49 11 52 04.65 
25 | + 25.44 ctOuy/, 357.58 8.77 15 56.76 11 S51 43.91 
26 25.54 6.93 344.38 8.77 15 57.04 1d 6123.31 
oT, 25.64 6.90 331.19 8.77 IES) SyPL 85 11 51 02.89 
28 25973 6.86 317.99 8.78 1S 2/9 11 50 42.65 
29 25.82 6.82 304.79 8.78 lOee/e7 11 50 22.63 
BON te 00 tae 291.60 8.78 15 58.14 11 50 02.84 
Oct. i i 2597 + 6.73 278.40 8.78 15 58.42 11 49 43.29 


SUN, 1998 


FOR 0 DYNAMICAL TIME 


Ecliptic Ecliptic 


Apparent 
Date Julian Long. Lat. Right 
Date Ascension 
for Mean Equinox 
of Date 
245 o a a” ie moss 

Oct. l 1087.5 187 37 30.40 +0.45 12 27 58.79 
2 1088.5 188 36 29.34 +0.32 1253) 35.93 
3 1089.5 189 35 30.05 +0.18 1235) 13:35 
4 1090.5 190 34 32.58 +0.03 12 38 51.08 
5 1091.5 191 38937201 —0.10 12 42 29.14 
6 1092.5 192 32 43.39 =0122 12 46 07.55 
d 1093.5 193) SilSl82 =O 12 49 46.35 
8 1094.5 194 31 02.39 0:37 1253 25.55 
9 1095.5 195: 30 SIS 507 —0.40 12 57 05.19 
10 1096.5 196 29°°30:23 =059 13 00 45.28 
11 1097.5 197 28 47.60 =0.35 13 04 25.85 
12 1098.5 198 28 07.30 —0.28 13 08 06.92 
1S 1099.5 199 27 29.34 OND 13 11 48.50 
14 1100.5 200 26 53.71 —0.08 13 15 30.61 
US} ONES 201 26 20.39 +0.04 13°49 13.27 
16 1102.5 202 25 49.34 +0.16 13 22 56.49 
17 1103.5 203 25 20.52 +0.28 13 26 40.29 
18 1104.5 204 24 53.88 +0.40 13 30 24.69 
19 1105.5 205 24 29.38 +0.50 13 34 09.70 
20 1106.5 206 24 06.96 +0.59 1B 3 35.83 
21 1107.5 207 23 46.57 +0.65 13 41 41.60 
22 1108.5 208 23 28.15 +0.69 13 45 28.52 
23 1109.5 209 23 11.64 +0.70 13 49 16.10 
24 1110.5 210 22 56.99 +0.69 13 53 04.37 
25 1111.5 211 22 44.16 +0.65 18%56, 53.82 
26 1112.5 212 22 33.08 +0.58 14 00 42.97 
27 M1 3:5 23 22°23.12 +0.49 14 04 33.33 
28 1114.5 214 22 16.03 +0.38 14 08 24.41 
29 Mikees) 215 22 °09:99 +0.25 14 12 16.22 
30 1116.5 216 22 05.57 sual it 14 16 08.77 
3] AOL 5 Zi Z2PO2 aT —0.02 14 20 02.07 
Nov. 1 1118.5 218 22" 01/59 —0.16 14 23 56.13 
? 1119.5 219 2240205 =0:27 14 27 50.97 
3 1120.5 220 22 04.19 =0).37 14 31 46.61 
4 OTS 221 22 08.09 —0.44 14 35 43.05 
5 L229 222 22 13.80 —0.48 14 39 40.31 
6 1123.5 223 "2202139 —0.48 14 43 38.41 
d 1124.5 224 22 30.93 —0.45 14 47 37.35 
8 1125.5 225 22 42.47 —0.38 14 51 37.15 
9 1126.5 226 22 56.03 —0.30 TANS5 "37579 
10 2D 227 231161 =0.19 14 59 39,31 
1] 1128.5 228 23° 29.22 —0.07 15 03 41.68 
12 1129.5 229 23 48.83 +0.05 15 07 44.92 
13 1130.5 230 24 10.40 +O 1S 11 49.03 
14 1131.5 231 24 33.89 +0.29 15 15 54.00 
iL) 1132.5 232 24 59.25 +0.39 15°19 59,83 
16 INS }S 5) 233 25 26.42 +0.48 15 24 06.52 


True 
Apparent Geocentric 
Declination Distance 
ae 

=) 3 0191920 1.001 2743 
3 24 34.8 .000 9827 

3 47 48.3 .000 6917 

4 10 59.0 .000 4015 

4 34 06.7 1.000 1126 

— 4 5) SiO 0.999 8251 
5 20UL186 .999 5392 

5 43 08.2 .999 2549 

6 06 00.5 998 9722 

6 28 48.0 .998 6907 

= 6515304 0.998 4104 
7 14 07.4 998 1309 

7 36 38.6 .997 8520 

7 59 03.6 997 5735 

8 2224 997 2953 

= 8 430385 0.997 0170 
9 0513717 .996 7388 

9 27 34.0 .996 4604 

9 49 22.2 .996 1819 
10 11 01.9 995 9033 
= 10 B2ee27 0.995 6246 
10 53 54.1 995 3459 
Ti W5#O5.8 .995 0674 
Ll. B680KS .994 7892 
11 56 58.3 994 5116 
=12 A7e883 0.994 2347 
12 38 06.9 .993 9588 
12. 58° 237 .993 6842 
13° 182283 993 4114 
13. 38420.3 .993 1405 
= 18.57 epee 0.992 8721 
LAY 7247 992 6066 
14 36 36.3 992 3443 
l4 5593387 .992 0855 
15 14 16.5 991 8306 
=15 82443 0.991 5797 
15 50 56.8 991 3329 
16 08 53.6 .991 0900 
16 26 34.2 .990 8510 
16 43 58.3 .990 6155 
= Ole 0S 0.990 3834 
17 TP Ss4 .990 1544 
La 34S. 989 9283 
17 SOCaTS 989 7049 
18 06 37.0 989 484] 
= 1812201376 0.989 2657 
sadly, 5) ihe 3.0 )o) 0.989 0497 


SUN, 1998 


FOR 05 DYNAMICAL TIME 


Date 


Oct. 


Nov. 


a 
CO WOYNDN AWN — 


ee 
APWN 


Se = ee 
Ore 607) oy 


NNNYN WN 
AWN 


NO 
oO 


WNNN 
oo oN~ 


WwW 


OoOnNDN RWN 


\o 


=S 


RWN 


NN 


ere Heliographic 
: Heer: 
of Axis Latitude | Longitude 
IP Bis Ge 
+ 25.97 + 6.73 278.40 8.78 
26.03 6.68 265.20 8.79 
26.09 6.63 252.01 8.79 
26.14 6.58 238.81 8.79 
26.18 6.52 225.62 8.79 
+ 2622 + 6.47 212.42 8.80 
26.25 6.41 199.23 8.80 
26.27 6.35 186.04 8.80 
26.29 6.29 172.84 8.80 
26.29 6.23 159.65 8.81 
+ 26.29 ae opis) 146.46 8.81 
26.29 6.10 133.26 8.81 
26.27 6.03 120.07 8.81 
26.25 5.96 106.88 8.82 
26.22 5.88 93.69 8.82 
a DOALS Bool 80.50 8.82 
26.14 D8: 67.31 8.82 
26.09 5.66 $4.12 8.83 
26.03 5.58 40.93 8.83 
25.96 5.50 27.74 8.83 
+ 25.89 15.41 14.55 8.83 
25.80 5.33 1.36 8.84 
2507 5.24 348.17 8.84 
25.61 Syesl's) 334.99 8.84 
25.51 5.06 321.80 8.84 
25.39 + 4.97 308.61 8.85 
25827 4.88 295.42 8.85 
25.14 4.79 282.23 8.85 
25.01 4.69 269.05 8.85 
24.86 4.59 255.86 8.85 
+ 2A 71 + 4.50 242.67 8.86 
24.55 4.40 229.49 8.86 
24.38 4.29 216.30 8.86 
24.20 4.19 203.11 8.86 
24.02 4.09 189.93 8.87 
23.88 + 3.98 176.74 8.87 
23.63 3.88 163.56 8.87 
23.42 BolT 150.37 8.87 
23.20 3.66 137.19 8.88 
22.98 bP)) 124.00 8.88 
ew +. 3.44 110.82 8.88 
YE S)| 3.95 97.63 8.88 
22.26 SyeeA| 84.45 8.88 
22.01 3.10 71.26 8.89 
21.75 2.98 58.08 8.89 
+ DAS se DT 44.90 8.89 
+ 220 ae AS) a1 W2 8.89 


Cly 
Semi- Ephemeris 
Diameter Transit 
, v hom. s 
15 58.42 11 49 43.29 
15 58.70 11 49 24.02 
15 58.98 11 49 05.04 
15 59.26 11 48 46.39 
15 59.54 11 48 28.07 
15 59.81 11 48 10.13 
16 00.09 11 4795258 
16 00.36 11 47 35.44 
16 00.63 LA SSeS 
16 00.90 11 47 02.52 
16 O1.17 11 46 46.78 
16 01.44 11 46 31.54 
16 01.71 11 46 16.82 
16 01.98 11 46 02.65 
16 02.25 11 45 49.03 
16 02.52 11 45 35.99 
16 02.78 lil 45023353 
16 03.05 11 45 11.68 
16 03.32 11 45 00.44 
16 03.59 11 44 49.84 
16 03.86 11 44 39.88 
16 0413 11 44 30.57 
16 04.40 11 44 21.94 
16 04.67 11 44 13.98 
16 04.94 11 44 06.72 
6 05.211 11 44 00.16 
16 05.48 11 4355431 
16; (05.74: 11 43 49.19 
16 06.01 11 43 44.80 
16 06.27 11 43 41.16 
16 06.53 11 43 38.28 
16 06.79 1) 43, 36:18 
16 07.05 11 43 34.85 
16 07.30 11 43 34.33 
16 07.55 11 43 34.62 
16 07.79 11 43 35.74 
16 08.03 11 43 37.69 
16 08.27 11 43 40.48 
16 08.51 11 43 44.13 
16 08.74 11 43 48.64 
16 08.96 11 43 54.02 
16 09.19 11 44 00.26 
16 09.41 11] 44 07.37 
16 09.63 el TASS) 
16 09.84 11 44 24.19 
16 10.06 11 44 33.89 
16 21027 11 44 44.45 


C18 SUN, 1998 
FOR 05 DYNAMICAL TIME 


Ecliptic Ecliptic Apparent K ? True — 
bean Julian Long. iat Right Ppated Geocentric 
Date Ascension Declination Distance 
for Mean Equinox 
of Date 
245 ° De 
Nov. 16 1133.5 233 37) BOS 0.989 0497 
17 1134.5 234 25 55.35 +0.54 15 28 14.06 18 52 28.5 988 8359 
18 1135.5 235 26 25.96 +0.58 15932522745 19 07 05.9 988 6243 
19 1136.5 236 26 +0.59 15 36 31.68 19) 21 229 .988 4149 
20 1137.5 +0.58 15 40 41.74 19 35 Ag .988 2077 
21 1138.5 +0.54 15 44 52.61 —19 48 53.9 0.988 0029 
22 1139.5 +0.47 15 49 04.28 20 02 07.2 .987 8005 
23 1140.5 +0.38 ESES8ELO TD 20 14 58.5 .987 6007 
24 1141.5 241 30 00.92 +027 Pomo7 #29°95 20 27 27.4 .987 4036 
25 1142.5 242 30 41.27 +0.15 16 O1 43.98 20) 39 3356 .987 2095 
26 1143.5 243 31 22.74 +0.02 16 05 58.71 20) 5.1 SLOt7: 0.987 0187 
De 1144.5 244 32 05.26 —012 16 10 14.16 21 02 36.5 986 8315 
28 1145.5 245 32 48.80 —=(0229 16 14 30.32 2) 13 324 .986 6483 
29 1146.5 246 33.33.32 —0937 16 18 47.18 21 24 04.3 .986 4693 
30 1147.5 247 34 18.80 —0.47 16 23 04.70 21 3451168 .986 2951 
Dec 1 1148.5 248 35 05.25 —0.54 16-27 22:89 —21 43 54.6 0.986 1260 
2 1149.5 249 35 52.70 —0.58 16 31 41.71 21 D3 2S 985 9623 
3 1150.5 250 36 41.19 —059 16 36 01.17 22 02 05.1 985 8043 
4 iW Ey gs) 2351 39 30:76 0 16 40 21.24 22 10323 985 6522 
5 WW S25S 252 38 21.46 Oro 16 44 41.90 22 18 33.8 985 5060 
6 1153.5 253 _.39°713.36 —0.42 16 49 03.13 —22 26 09.4 0.985 3657 
7 1154.5 254 40 06.47 = Osa) 16 53 24.91 22 33 18.8 985 2310 
8 NS ss) 255 41 00.82 —O:19 16 57 47.22 22 40 01.7 985 1018 
9 1156.5 256 41 56.40 —0.06 17 02 10.02 22 46 18.1 .984 9778 
10 bide) 257 42 53.20 +0.06 17 06 33.30 22.52 NOs 984 8589 
11 1158.5 258 43 51.19 +0.18 17 10 57.02 2 10D 0.984 7448 
12 1159.5 259 44 50.34 +0.29 LT 216 23 O2°259 984 6352 
13 1160.5 260 45 50.60 mil OE 17 19. 45.69 23 06*535 984 5299 
14 1161.5 261 46 51.90 + 0.44 17 24 10.57 23° 10453.9 .984 4289 
INS) 1162.5 262 47 54.19 +0.48 17 28 35.78 23 14 26.7 984 3319 
16 1163.5 263 48 57.40 +0.50 17-33: 01.27 323 ili eo1eS 0.984 2387 
17 1164.5 264 50 01.46 +0.48 oye ge) Oe. 23 20 08.9 984 1494 
18 1165.5 265 51 06.29 +0.44 1741. 52.99 23 2261831 .984 0637 
19 1166.5 266 52 11.80 +0.38 17 46 19.13 DOM SIOZ 983 9816 
20 1167.5 207 98 17.90 O29 17 SO 45.42 23 S22, .983 9032 
21 1168.5 268 54 24.51 +0.18 1739: 11280 =23 2565s-0 0.983 8284 
22 1169.5 209 95°31] .53 +0.05 17:59 38.25 23 26 13.6 .983 7574 
2} 1170.5 270 56 38.87 —0.08 18 04 04.73 23 2600.9 983 6902 
24 1171.5 271 57 46.44 = O22 18 08 31.19 23 42592 2.0 .983 6270 
DIS} 1172.5 272 58 54.17 =0135 18 12 57.60 23 24 13.9 983 5681 
26 Ses) 274 00 01.98 —0.47 18°17 23.92 23) 263 ih 0.983 5138 
Mil 1174.5 275 O01 09.82 0517 18 21 50.11 23 20 32.8 .983 4643 
28 INS 276 02 17.64 —0.65 18 26 16.16 23 18 00.1 983 4201 
29 1176.5 277 03 25.42 —0.70 18 30 42.01 23 W4i593 983 3815 
30 WR ie 278 04 33.15 = Onl 13835) (07165 23 WUIe80S 983 3487 
31 1178.5 279 OS 40.84 —0.69 18 39 33.05 =23 107PO3°8 0.983 3222 
By 1179:5 280 06 48.52 —0.63 18 43 58.17 —23 03 09.4 0.983 3022 


SUN, 1998 C19 
FOR 05 DYNAMICAL TIME 
ower 
Position 

Heliographic : : 
ite Angle ad Eee Semi- Ephemeris 

of Axis Latitude | Longitude ee Transit 

BP B, Jb 

° ° ° “~ 3 “ h m Ss 
Nov. 16] + 21.20 SS HS) 31.72 8.89 16 10.27 11 44 44.45 
17 20.91 2.63 18.53 8.89 16 10.48 11 44 55.86 
18 20.62 2.51 5), 85) 8.90 16 10.69 11 45 08.11 
19 20.32 2.39 Be ali) 8.90 16 10.89 11 45 21.20 
20 20.02 DPT 338.99 8.90 16 11.10 4535210 
ah ete 7.0 = eee) 325.81 8.90 16 11.30 11 45 49.81 
22 19.38 2.03 312.63 8.90 16) 50 11 46 05.31 
23 19.05 1.90 299.45 8.90 16 11.69 11 46 21.60 
24 18.72 1.78 286.27 8.9] 16 11.89 11 46 38.65 
2) 18.38 1.66 273.08 8.9] 16 12.08 11 46 56.46 
26 | + 18.03 sanles3 259.90 8.91 16 12027 11 47 14.99 
27 17.67 1.41 246.72 8.91 16 12.45 Ll 473425 
28 W730 1.28 233.54 8.91 16 12.63 I) t49,95420 
29 16.95 1.16 220.36 8.9] 16 12.81 11 48 14.84 
30 16.57 1.03 207.19 8.92 16 12.98 11 48 36.14 
Dec. it | Fteele. 19 + 0.90 194.01 8.92 16. A315 11 48 58.10 
2 15.81 0.78 180.83 8.92 16 13:31 11 49 20.69 
3 15.41 0.65 167.65 8.92 16 13.46 11 49 43.90 
4 15.02 0.52 154.47 8.92 16 13.61 ML SOO7-70 
5) 14.61 0.39 141.29 8.92 16 13.76 Hl 50 S2.09 
6: (14°20 + 0.26 128.11 8.92 16 13.90 11 50 57.04 
7 13.79 0.14 114.94 8.93 16 14.03 IE SY PRESS 
8 13.37, + 0.01 101.76 8.93 16 14.16 11 St 48.53 
9 12.95 =O? 88.58 8.93 16 14.28 HES 2515202) 
10 252 0.25 75.40 8.93 16 14.40 11 52 41.98 
1 it AGS) ——1(()} 5s) 62.23 8.93 16 14.51 11 53 09.37 
12 11.65 0.50 49.05 8.93 16 14.62 1) $5893.76. 
13} Lit: 2A 0.63 35.88 8.93 16 14.72 Ll (54705383 
14 10.76 0.76 22.70 8.93 16 14.82 i 154°33°83 
15 10.31 0.89 9.52 8.93 16 14.92 11 55 02.64 
16 jet 0:86 et 0) 356.35 8.93 16 15.01 11 655031 972 
17 9.40 1.14 343.18 8.94 16 15.10 11 56 01.03 
18 8.94 127 330.00 8.94 16 15.19 11 56 30.54 
19 8.47 1.39 316.83 8.94 Koy, VSPA Ue OO 
20 8.01 Se, 303.65 8.94 16 15.34 11 57 29.99 
Di estat) 4 == Tops) 290.48 8.94 16 15.42 LL AS59187: 
22 OU Wedel Pay 8.94 16 15.49 11 58 29.78 
M3) 6.59 1.90 264.14 8.94 16 15.56 11 58 59.71 
24 6.12 2.02 250.96 8.94 16 15.62 11 59 29.60 
De) 5.64 2.14 237.79 8.94 16 15.68 11 59 59.42 
26 Ada wssl6 eT 224.62 8.94 Koy Se 75} 12 00 29.14 
27 4.68 2.39 211.45 8.94 16 SS e738: 12 00 58.73 
28 4.20 Dio 198.27 8.94 16 15.82 12 Ole 284 
29 Sail 2.63 185.10 8.94 16 15.86 LOS OU NS7.34: 
30 825 DaIS 171.93 8.94 16 15.89 1270222682 
BN ace OR Hest = 2:01 158.76 8.94 16 15.92 PZ 0255.03) 
BY) Ws ALOK) — 2.98 145.59 8.94 16 15.94 IR OBR 25745) 


€20 SUN, 1998 
GEOCENTRIC RECTANGULAR COORDINATES 
MEAN EQUATOR AND EQUINOX OF J2000.0 
= 
Date Date 
i x y, Zz h x ey) Zz 
Oe INDIE Q TDT 
———s 
Jan. 0/+0.160 1277|/—0.890 1639|—0.385 9379] Feb. 15}/+0.819 9963}/—0.505 0684|—0.218 9762 
] 0.177 3630| 0.887 3920| 0.384 7366 16] 0.829 7405] 0.491 8326] 0.213 2371 
2! 0.194 5420] 0.884 3426} 0.383 4152 17| 0.839 2314] 0.478 4454! 0.207 4324 
3} 0.211 6590} 0.881 0170] 0.381 9740 18} 0.848 4661} 0.464 9107} 0.201 5639 
4} 0.228 7085} 0.877 4166] 0.380 4137 19} 0.857 4419] 0.451 2325] 0.195 6334 
5|}+0.245 6850}—0.873 5430|—0.378 7349 20|+0.866 1558|/—0.437 4149|—0.189 6426 
6} 0.262 5832] 0.869 3976} 0.376 9382 21| 0.874 6053} 0.423 4620} 0.183 5932 
7| 0.279 3981} 0.864 9822} 0.375 0244 22| 0.882 7875| 0.409 3781} 0.177 4872 
8! 0.296 1246] 0.860 2986} 0.372 9941 23| 0.890 6997} 0.395 1674] 0.171 3264 
9| 0.312 7578] 0.855 3485| 0.370 8481 24| 0.898 3394| 0.380 8344] 0.165 1127 
10}+0.329 2929)—0.850 1337}—0.368 5872 25|+0.905 7039|—0.366 3837|—0.158 8481 
11} 0.345 7251 0.844 6558] 0.366 2121 26| 0.912 7909} 0.351 8199} 0.152 5346 
12] 0.362 0497} 0.838 9167} 0.363 7236 27| 0.919 5980} 0.337 1479] 0.146 1742 
13] 0.378 2620} 0.832 9182) 0.361 1224 28] 0.926 1231] 0.322 3726} 0.139 7690 
14] 0.394 3574] 0.826 6619} 0.358 4094] Mar. 1] 0.932 3644) 0.307 4991} 0.133 3212 
15|+0.410 3311]/—0.820 1496|—0.355 5853 2|+0.938 3201]—0.292 5325|—0.126 8329 
16] 0.426 1784} 0.813 3832] 0.352 6510 3} 0.943 9890] 0.277 4777} 0.120 3062 
17| 0.441 8946] 0.806 3645} 0.349 6073 4} 0.949 3697} 0.262 3398) 0.113 7433 
18] 0.457 4748} 0.799 0956] 0.346 4551 5| 0.954 4612] 0.247 1236| 0.107 1464 
19] 0.472 9144) 0.791 5783] 0.343 1953 6! 0.959 2626] 0.231 8340| 0.100 5174 
20/+0.488 2085|—0.783 8149|—0.339 8288 7|+0.963 7730|—0.216 4757|—0.093 8585 
21} 0.503 3524; 0.775 8075] 0.336 3566 8} 0.967 9916; 0.201 0533} 0.087 1716 
22| 0.518 3412] 0.767 5584| 0.332 7798 9| 0.971 9178] 0.185 5715} 0.080 4589 
23} 0.533 1702] 0.759 0700) 0.329 0994 10} 0.975 5508} 0.170 0349} 0.073 7223 
24| 0.547 8346] 0.750 3447) 0.325 3164 11} 0.978 8901} 0.154 4478} 0.066 9637 
25|+0.562 3296|—0.741 3852|—0.321 4320 12|/+0.981 9350}—0.138 8150|}—0.060 1853 
26| 0.576 6504} 0.732 1942] 0.317 4474 13} 0.984 6850} 0.123 1407] 0.053 3889 
27| 0.590 7923] 0.722 7746| 0.313 3639 14] 0.987 1397) 0.107 4296] 0.046 5765 
28} 0.604 7504] 0.713 1295) 0.309 1826 15} 0.989 2984} 0.091 6860} 0.039 7502 
29| 0.618 5201 0.703 2620} 0.304 9052 16} 0.991 1609} 0.075 9145} 0.032 9118 
30|+0.632 0970|}—0.693 1756|—0.300 5328 17|+0.992 7265|—0.060 1195|—0.026 0633 
3] 0.645 4765] 0.682 8738] 0.296 0671 18] 0.993 9951} 0.044 3056} 0.019 2067 
Feb. ] 0.658 6545] 0.672 3604) 0.291 5097 19} 0.994 9661} 0.028 4773} 0.012 3441 
2| 0.671 6269] 0.661 6391] 0.286 8620 20| 0.995 6395|—0.012 6392|—0.005 4773 
3! 0.684 3899} 0.650 7138] 0.282 1258 21! 0.996 0148|+0.003 2042|+0.001 3916 
4|+0.696 9399 |—0.639 5883|}—0.277 3026 22/+0.996 0920)+0.019 0481/+0.008 2605 
5| 0.709 2734] 0.628 2663) 0.272 3941 23] 0.995 8708] 0.034 8878] 0.015 1275 
6| 0.721 3870} 0.616 7518] 0.267 4020 24| 0.995 3513} 0.050 7186} 0.021 9905 
7| 0.733°2775| 0.605 0484] 0.262 3278 25| 0.994 5335| 0.066 5356]. 0.028 8474 
8} 0.744 9416} 0.593 1599} 0.257 1732 26| 0.993 4174} 0.082 3338) 0.035 6961 
9|+0.756 3763|—0.581 0900|—0.251 9398 27|/+0.992 0035/+0.098 1082|}+0.042 5345 
10} 0.767 5785] 0.568 8424] 0.246 6292 28] 0.990 2922] 0.113 8536} 0.049 3603 
11 0.778 5451 0.556 4208] 0.241 2431 29| 0.988 2842) 0.129 5649} 0.056 1715 
12| 0.789 2732) 0.543 8289) 0.235 7831 30] 0.985 9805) 0.145 2371] 0.062 9657 
13] 0.799 7597) 0.531 0703) 0.230 2509 31} 0.983 3823) 0.160 8650} 0.069 7410 
14/+0.810 0017)/—0.518 1489)—0.224 6480 Apr. 1}+0.980 4910}+0.176 44391+0076 4951 
15|/+0.819 9963 |}—0.505 0684]—0.218 9762 2)+0.977 3081)+0.191 9688|+0.083 2261 


SUN, 1998 


GEOCENTRIC RECTANGULAR COORDINATES 
MEAN EQUATOR AND EQUINOX OF J2000.0 


Date Date 

OfnT 3 ‘ 0" TDT a 

Apr. 1|+0.980 4910]+0.176 4439|+0.076 May 17|+0.566 4319 
2| 0.977 3081] 0.191 9688} 0.083 18] 0.552 3851 
3] 0.973 8352] 0.207 4352] 0.089 19} 0.538 1792 
4) 0.970 0740} 0.222 8386] 0.096 20|} 0.523 8180 
5! 0.966 0261] 0.238 1746] 0.103 21} 0.509 3056 
6|+0.961 6935|+0.253 4389}+0.109 22|+0.494 6461 
7| 0.957 0778] 0.268 6272] 0.116 23! 0.479 8436 
8] 0.952 1808] 0.283 7353] 0.123 24| 0.464 9026 
9] 0.947 0044] 0.298 7592] 0.129 25] 0.449 8276 
10} 0.941 5504] 0.313 6948] 0.136 26| 0.434 6234 
11/+0.935 8207/+0.328 5380|+0.142 27/+0.419 2948 
12} 0.929 8172] 0.343 2848] 0.148 28| 0.403 8466 
13} 0.923 5418] 0.357 9314] 0.155 29! 0.388 2838 
14] 0.916 9965| 0.372 4736] 0.161 30| 0.372 6112 
15] 0.910 1831} 0.386 9076] 0.167 31| 0.356 8336 
16/+0.903 1036/+0.401 2294|+0.173 June 1/+0.340 9558 
17| 0.895 7602] 0.415 4350] 0.180 2| 0.324 9826 
18} 0.888 1548] 0.429 5206] 0.186 3| 0.308 9187 
19} 0.880 2896] 0.443 4820] 0.192 4| 0.292 7686 
20] 0.872 1666] 0.457 3154] 0.198 5| 0.276 5370 
21/+0.863 7882/+0.471 0166|+0.204 6|+0.260 2285 
22! 0.855 1566] 0.484 5816] 0.210 7| 0.243 8476 
23| 0.846 2743] 0.498 0062| 0.215 8| 0.227 3989 
24| 0.837 1438] 0.511 2862] 0.221 9] 0.210 8866 
25| 0.827 7679] 0.524 4176| 0.227 10| 0.194 3154 
26|+0.818 1495|/+0.537 3960|+0.232 11/+0.177 6896 
27} 0.808 2918] 0.550 2174] 0.238 12] 0.161 0136 
28] 0.798 1982] 0.562 8780] 0.244 13] 0.144 2917 
29| 0.787 8721| 0.575 3737| 0.249 14} 0.127 5283 
30] 0.777 3172| 0.587 7011| 0.254 15} 0.110 7278 

May 1/+0.766 5372|+0.599 8566|+0.260 16|+0.093 8948 
2| 0.755 5356] 0.611 8370] 0.265 17| 0.077 0336 
3| 0.744 3163| 0.623 6391| 0.270 18| 0.060 1489 
4| 0.732 8830] 0.635 2598] 0.275 19] 0.043 2456 
5| 0.721 2392] 0.646 6962] 0.280 20] 0.026 3283 
6|+0.709 3886|+0.657 9453|+0.285 21/+0.009 4021 
7| 0.697 3350] 0.669 0043] 0.290 22|—0.007 5280 
8| 0.685 0820] 0.679 8705] 0.294 23| 0.024 4569 
9] 0.672 6332] 0.690 5412| 0.299 2 24) 0.041 3793 
10| 0.659 9923} 0.701 0137] 0.303 25} 0.058 2900 
11/+0.647 1629|+0.711 2854/+0.308 26|—0.075 1839 
12! 0.634 1486] 0.721 3538] 0.312 27} 0.092 0558 
13} 0.620 9532] 0.731 2162) 0.317 28] 0.108 9007 
14| 0.607 5801| 0.740 8701] 0.321 29| 0.125 7137 
15| 0.594 0331] 0.750 3131] 0.325 30| 0.142 4898 
16}+0.580 3158|+0.759 5426]+0.329 July 1/—0.159 2243 
17/+0.566 4319|+0.768 5561 |+0.333 2|-0.175 9125 


5561 
3509 
9247 
2747 
3984 


2932 
9566 
3861 
5793 
5339 


2480 
7197 
9472 
9291 
6640 


1506 
3878 
3745 
1096 
5923 


8216 
7967 
5169 
9814 
1894 


1403 
8335 
2681 
4436 
3592 


0141 
4078 
5394 
4083 
0140 


3559 
4336 
2470 
7961 
0809 


1018 
8593 
3541 
5868 
5582 


2693 
7211 


7) 


aia 0) 33a}8) 
0.337 
0.340 
0.344 
0.347 


+0.351 
0.354 
0.357 
0.360 
0.363 


+0.366 
0.369 
0.372 
0.374 
0.377 


+0:379 
0.382 
0.384 
0.386 
0.388 


+0.390 
0.391 
0.393 
0.394 
0.396 


1-01397 
0.398 
0.399 
0.400 
0.401 


+0.402 
0.402 
0.403 
0.403 
0.404 


+0.404 
0.404 
0.404 
0.403 
0.403 


+0.403 
0.402 
0.402 
0.401 
0.400 


+0,399 
+0.398 


2156 
0280 
7446 
3641 
8855 


3078 
6297 
8504 
9688 
9840 


8950 
7011 
4015 
9955 
4825 


8620 
1332 
2959 
3495 
2935 


1276 
8514 
4645 
9666 
3574 


6366 
8038 
8589 
8015 
6314 


3482 
9517 
4417 
8179 
0800 


2280 
2616 
1807 
9854 
6757 


ZOU, 
TASH 
0617 
2961 
4173 


4256 
S218 


C22 


SUN, 1998 


GEOCENTRIC RECTANGULAR COORDINATES 
MEAN EQUATOR AND EQUINOX OF J2000.0 


Date 
h x My x ay, Z 

Ome Di; 

July 1|—0.159 2243|+0.921 2693|+0.399 4256] Aug. 16/—0.808 4322|+0,559 5817|+0.242 6087 
2} 0.175 9125) 0.918 7211] 0.398 3213 17| 0.818 4047] 0.546 9625| 0.237 1377 
3} 0.192 5497) 0.915 9145} 0.397 1050 18} 0.828 1440] 0.534 1857| 0.231 5985 
4} 0.209 1313} 0.912 8505] 0.395 7769 19} 0.837 6471] 0.521 2550] 0.225 9927 
5} 0.225 6529] 0.909 5304} 0.394 3377 20| 0.846 9105} 0.508 1740} 0.220 3219 
6}—0.242 1099|+0.905 9553|+0.392 7878 21|/—0.855 9313|}+0.494 9466|+0.214 5878 
7} 0.258 4979] 0.902 1264} 0.391 1277 22) 0.864 7063} 0.481 5768] 0.208 7919 
8| 0.274 8127] 0.898 0449| 0.389 3579 23) 0.873 2329} 0.468 0685} 0.202 9359 
9} 0.291 0501} 0.893 7120} 0.387 4789 24| 0.881 5082} 0.454 4259|) 0.197 0217 
10} 0.307 2056} 0.889 1290} 0.385 4914 25| 0.889 5296] 0.440 6530} 0.191 0510 
11|/—0.323 2753}+0.884 2970|+0.383 3959 26|—0.897 2948|+0.426 7540}+0.185 0256 
12} 0.339 2550} 0.879 2172) 0.38! 1928 27| 0.904 8014] 0.412 7331| 0.178 9471 
13] 0.355 1403} 0.873 8909] 0.378 8828 28| 0.912 0472} 0.398 5946) 0.172 8176 
14) 0.370 9272} 0.868 3191] 0.376 4664 29) 0.919 0300} 0.384 3425] 0.166 6387 
15] 0.386 6113} 0.862 5030} 0.373 9441 30} 0.925 7481} 0.369 9813) 0.160 4122 
16|—0.402 1882|}+0.856 4439|+0.371 3166 31|—0.932 1994|}+0.355 5150|+0.154 1401 
17) 0.417 6536} 0.850 1430) 0.368 5843 Sept. 1} 0.938 3822} 0.340 9479| 0.147 8242 
18] 0.433 0028} 0.843 6016] 0.365 7479 2} 0.944 2950| 0.326 2841} 0.141 4662 
19| 0.448 2312] 0.836 8213) 0.362 8081 3} 0.949 9361] 0.311 5279} 0.135 0679 
20| 0.463 3342] 0.829 8036] 0.359 7656 4} 0.955 3041] 0.296 6834} 0.128 6313 
21|/—0.478 3071|+0.822 5504/+0.356 6211 5|—0.960 3976|+0.281 7545}+0.122 1581 
22} 0.493 1452) 0.815 0635} 0.353 3754 6} 0.965 2154] 0.266 7453} 0.115 6500 
23| 0.507 8440] 0.807 3452} 0.350 0296 7| 0.969 7560} 0.251 6597) 0.109 1087 
24} 0.522 3988) 0.799 3976] 0.346 5844 8| 0.974 0180} 0.236 5016} 0.102 5362 
25} 0.536 8053] 0.791 2231} 0.343 0410 9} 0.978 0002] 0.221 2749} 0.095 9339 
26|—0.551 0589}+0.782 8243|+0.339 4003 10/—0.981 7009|}+0.205 9834|+0.089 3038 
27| 0.565 1556] 0.774 2038] 0.335 6635 11} 0.985 1187} 0.190 6312] 0.082 6474 
28| 0.579 0912) 0.765 3642} 0.331 8317 12} 0:988 2520} 0.175 2223} 0.075 9667 
29| 0.592 8616] 0.756 3082} 0.327 9060 13} 0.991 0993} 0.159 7611} 0.069 2635 
30} 0.606 4630] 0.747 0388} 0.323 8876 14) 0.993 6591} 0.144 2519] 0.062 5396 
31}—0.619 8915|+0.737 5586|+0.319 7778 15}—0.995 9301!}+0.128 6992|}+0.055 7971 

Aug. | 0.633 1434] 0.727 8705} 0.315 5777 16} 0.997 9109} 0.113 1075} 0.049 0377 
2) 0.646 2150) 0.717 9775} 0.311 2887 17} 0.999 6005} 0.097 4816} 0.042 2636 
3} 0.659 1029) 0.707 8825} 0.306 9118 18 1.000 9979} 0.081 8262} 0.035 4767 
4| 0.671 8036} 0.697 5883) 0.302 4485 19} 1.002 1021 0.066 1460] 0.028 6792 
5|—0.684 3137|+0.687 0980|+0.297 9001 20}—1.002 9126)+0.050 4461}+0.021 8730 
6} 0.696 6299} 0.676 4145| 0.293 2677 21 1.003 4287} 0.034 7311 0.015 0603 
7\ 0.708 7491 0.665 5407} 0.288 5527 22 1.003 6501} 0.019 006] 0.008 2432 
8| 0.720 6681 0.654 4795} 0.283 7563 23) 1.003 5764}+0.003 2758]+0.001 4237 
9} 0.732 3838] 0.643 2337] 0.278 8798 24| 1.003 2076|—0.012 4548|}—0.005 3961 
10|—0.743 8931}+0.631 8061 |+0.273 9246 25|—1.002 5437|—0.028 1809}—0.012 2141 
11 0.755 1928} 0.620 1995} 0.268 8918 26| 1.001 5849| 0.043 8977] 0.019 0281 
12] 0.766 2796) 0.608 4168} 0.263 7826 27 1.000 3313) 0.059 6003} 0.025 8362 
13] 0.777 1504] 0.596 4606} 0.258 5984 28] 0.998 7835| 0.075 2841 0.032 6363 
14] 0.787 8016] 0.584 3340] 0.253 3405 29| 0.996 9419] 0.090 9442] 0.039 4262 
15/—0.798 2301)+0.572 0400)+0.248 0101 30|—0.994 8071 |—0.106 5762|—0.046 2041 
16|/—0.808 4322|/+0.559 5817)/+0.242 6087} Oct. 1}—0.992 3799|—0.122 1753|—0.052 9678 
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GEOCENTRIC RECTANGULAR COORDINATES 
MEAN EQUATOR AND EQUINOX OF J2000.0 


Date Date 

x iy iG _ 
0" TDT 0° TDT | a ‘ 
Oct. —0.992 3799|—0.122 1753 9678| Nov. 16/—0.589 1451]—0.728 8801]/—0.316 0081 


0.989 6611) 0.137 7370 
0.986 6515} 0.153 2570 
0.983 3522] 0.168 7310 


1 

2 17) 0.574 9539} 0.738 1168} 0.320 0124 
3 

4 

5} 0.979 7640} 0.184 1546 

6 

a 

8 


18} 0.560 5855} 0.747 1269} 0.323 9185 
19} 0.546 0444) 0.755 9072] 0.327 7252 
20} 0.531 3351} 0.764 4547} 0.331 4311 


—0.975 8879|—0.199 5238 
0.971 7247} 0.214 8344 
0.967 2752} 0.230 0823 
9} 0.962 5402] 0.245 2632 

10} 0.957 5204| 0.260 3729 


11|—0.952 2166|—0.275 4068 
12} 0.946 6298; 0.290 3605 
13} 0.940 7609} 0.305 2294 
14) 0.934 6111) 0.320 0088 
15} 0.928 1817] 0.334 6939 


16|—0.921 4742|—0.349 2801 
17) 0.914 4902) 0.363 7627 
18) 0.907 2315|) 0.378 1368 
LOWS 0389957000) 0:39253979 
20] 0.891 8977} 0.406 5413 


21/—0.883 8268|}—0.420 5624 
22| 0.875 4898) 0.434 4565 
23| 0.866 8890] 0.448 2193 
24| 0.858 0271) 0.461 8462 
25| 0.848 9067} 0.475 3330 


26|—0.839 5308|—0.488 6754 
27| 0.829 9022) 0.501 8692 
28| 0.820 0239) 0.514 9104 
29] 0.809 8991) 0.527 7949 
30] 0.799 5310) 0.540 5190 


31|/—0.788 9228)—0.553 0788 
0.778 0777} 0.565 4709 
0.766 9990} 0.577 6917 
0.755 6899} 0.589 7379 
0.744 1536} 0.601 6061 


] 
Q 
3 
4 
Si = 03265 930) = 0161322929 
6 
7 
8 


21)}—0.516 4623|}—0.772 7665 |—0.335 0349 
22) 0.501 4307} 0.780 8398} 0.338 5355 
23} 0.486 2452} 0.788 6720] 0.341 9316 
24) 0.470 9107} 0.796 2604! 0.345 2222 
25| 0.455 4321} 0.803 6028] 0.348 4062 


26|—0.439 8144|—0.810 6968 |—0.351 4825 
27) 0.424 0627} 0.817 5404} 0.354 4503 
28} 0.408 1820} 0.824 1316} 0.357 3086 
29) 0.392 1772} 0.830 4686| 0.360 0567 
30) 0.376 0533} 0.836 5496| 0.362 6937 


Dec. —0.359 8152)—0.842 3733|/—0.365 2189 
6317 
0.327 0153] 0.853 2420} 0.369 9313 
0.310 4629) 0.858 2842} 0.372 1173 


0.293 8150} 0.863 0629] 0.374 1888 


1452 
0.260 2512] 0.871 8234} 0.377 9859 
0.243 3449) 0.875 8019} 0.379 7102 
9) 0.226 3620) 0.879 5105} 0.381 3174 
10} 0.209 3078) 0.882 9475} 0.382 8068 


11)—0.192 1872|—0.886 1115|—0.384 1780 
12} 0.175 0055) 0.889 OO11} 0.385 4303 
13) 0.157 7681} 0.891 6151] 0.386 5631 
14); 0.140 4803] 0.893 9521] 0.387 5760 
15} 0.123 1476; 0.896 0112} 0.388 4685 


16}—0.105 7756|—0.897 7914|—0.389 2402 
17] 0.088 3699) 0.899 2919} 0.389 8908 
18} 0.070 9360} 0.900 5119} 0.390 4199 
19} 0.053 4797} 0.901 4509} 0.390 8274 
20} 0.036 0068} 0.902 1085} 0.391 1129 


21}—0.018 5229)—0,902 4844)—0.391 2764 
22|—0.001 0338} 0.902 5784) 0.391 3179 
23}+0.016 4546; 0.902 3907) 0.391 2372 
24| 0.033 9367} 0.901 9215] 0.391 0344 
25) 0.051 4067} 0.901 1711} 0.390 7098 


26|+0.068 8592}—0.900 1401]—0.390 2634 
27| 0.086 2885} 0.898 8291] 0.389 6955 
28) 0.103 6892} 0.897 2389) 0.389 0065 
29) 0.121 0561} 0.895 3703) 0.388 1966 
30} 0.138 3839) 0.893 2242) 0.387 2662 
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Nov. 


0.720 4113} 0.624 7951 
0.708 2115} 0.636 1092 
0.695 7966} 0.647 2316 
9} 0.683 1699} 0.658 1588 


10|—0.670 3346)—0.668 8872 
11} 0.657 2941) 0.679 4131 
12} 0.644 0520) 0.689 7329 
13} 0.630 6122} 0.699 8430 
14} 0.616 9784} 0.709 7398 


31)/+0.155 6677}—0.890 8017|—0.386 2157 
32|/+0.172 9024|—0.888 1035)—0.385 0456 


15|—0.603 1546}—0.719 4200 
16|—0.589 1451)/—0.728 8801 
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NOTES AND FORMULAS 
Low precision formulas for the Sun’s coordinates and the equation of time 


The following formulas give the apparent coordinates of the Sun to a precision of 0°.01 and 
the equation of time to a precision of 01 between 1950 and 2050; on this page the time 
argument n is the number of days from J2000.0. 


n= JD — 2451545.0 = -731.5 + day of year (B2-B3) + fraction of day from 0" UT 
Mean longitude of Sun, corrected for aberration: L = 280°.460 + 0°.985 6474 n 
Mean anomaly: g = 357°.528 + 0°.985 6003 n 
Put L and g in the range 0° to 360° by adding multiples of 360°. 
Ecliptic longitude: A= L + 1°.915 sin g + 0°.020 sin 2g 
Ecliptic latitude: B= 0° 
Obliquity of ecliptic: € = 23°.439 — 0°.000 0004 n 
Right ascension (in same quadrant as A): @ = tan7!(cos € tan A) 
Alternatively, @ may be calculated directly from 
a=A — ftsin2A + (f/2) t?sin 4A 
where f=180/n and t=tan’e/2 
Declination: 6= sin”!(sin € sin A) 
Distance of Sun from Earth, in au: R = 1.000 14 — 0.016 71 cos g — 0.000 14 cos 2g 


Equatorial rectangular coordinates of the Sun, in au: 
xR. cos:A, WR CGS 6 Sins z=Rsin €sin dA 


Equation of time (apparent time minus mean time): 
E, in minutes of time = (L — @), in degrees, multiplied by 4. 


Horizontal parallax: 0°.0024 
Semidiameter: 0°.2666/R 
Light time: 04.0058 


Phases of the Moon. Perigee and Apogee 
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CONTENTS OF SECTION D 


Mean elements of the orbit of the Moon 
Mean elements of the rotation of the Moon 
Lengths of mean months 
Use of the ephemerides 


Appearance of the Moon; selenographic coordinates a o. aa af ih rs he 
Formulae for libration 


Ecliptic and equatorial coordinates of the Moon—daily ephemeris | 


Physical ephemeris of the Moon—daily ephemeris 


Use of the polynomial coefficients for lunar coordinates : 
Daily polynomial coefficients for R.A., Dec. and H.P. of Moon 


Low-precision formulae for geocentric and topocentric coordinates of the Moon 


See also 


Occultations by the Moon 


Moonrise and moonset 
Eclipses of the Moon : 
Physical and photometric data 


NOTE: All the times on this page are expressed in universal time (UT). 
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PHASES OF THE MOON 
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Apr. 11 02 Aug. 27 06 
May 8 09 Sept. 23 22 


D2 MOON, 1998 


NOTES AND FORMULAE 


Mean elements of the orbit of the Moon 


The following expressions for the mean elements of the Moon are based on the 
fundamental arguments used in the IAU (1980) Theory of Nutation which are given in 
The Astronomical Almanac 1984 on page S26. The angular elements are referred to the 
mean equinox and ecliptic of date. The time argument (d) is the interval in days from 
1998 January 0 at 0* TDT. These expressions are intended for use during 1998 only. 


d = JD — 245 0813-5 = day of year (from B2-B3) + fraction of day from 0 TDT 


Mean longitude of the Moon, measured in the ecliptic to the mean ascending node and 
then along the mean orbit: 


L’ = 299°782 410 + 13-176 396 48d 

Mean longitude of the lunar perigee, measured as for L’: 
I’ = 1°861 766 + 0-111 403 54d 

Mean longitude of the mean ascending node of the lunar orbit on the ecliptic: 

Q = 163°780 202 — 0-052 953 77d 
Mean elongation of the Moon from the Sun: 

D=L' —L = 20°317 384 + 12-190 749 12d 

Mean inclination of the lunar orbit to the ecliptic: 5°145 3964. 


Mean elements of the rotation of the Moon 


The following expressions give the mean elements of the mean equator of the Moon, 
referred to the true equator of the Earth, during 1998 to a precision of about 0°001; 
the time-argument d is as defined above for the orbital elements. 


Inclination of the mean equator of the Moon to the true equator of the Earth: 
i = 2429217 — 0-000 380d — 0-000 000 568 d’ 


Arc of the mean equator of the Moon from its ascending node on the true equator of 
the Earth to its ascending node on the ecliptic of date: 


A = 344°7111 — 0-049 954d — 0-000 000 516d? 


Arc of the true equator of the Earth from the true equinox of date to the ascending 
node of the mean equator of the Moon: 


Q’ = —1°0215 — 0-003 294d + 0-000 000 579 d? 
The inclination (J) of the mean lunar equator to the ecliptic: 1° 32’ 32/7 
The ascending node of the mean lunar equator on the ecliptic is at the descending node 
of the mean lunar orbit on the ecliptic, that is at longitude Q + 180°. 
Lengths of mean months 


The lengths of the mean months at 1998-0, as derived from the mean orbital elements 
are: 


d d hsm s 
synodic month (new moon to new moon) 29-530 589 29 12 44 02-9 
tropical month (equinox to equinox) 2)-32k 982 22) O1,43,04-7 
sidereal month (fixed star to fixed star) 21:32) 662 24 Ob 4ar1 1-6 
anomalistic month (perigee to perigee) 27-534 550" 27-1318 33:1 


draconic month (node to node) 21212 2218 22705 05085:9 
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NOTES AND FORMULAE 


Geocentric coordinates 


The apparent longitude (A) and latitude (8) of the Moon given on pages D6—D20 
are referred to the ecliptic of date: the apparent right ascension (a) and declination (6) 
are referred to the true equator of date. These coordinates are primarily intended for 
planning purposes. The true distance (r) is expressed in Earth-radii and is derived, as 
is the semi-diameter (s), from the horizontal parallax (z). 


The maximum errors which may result if Bessel’s second-order interpolation formula 
is used are as follows: 
A B ow 6 r ™ S 
+0°02 +0°02 +284 +24" +0-002 +007 +002 
More precise values of right ascension, declination and horizontal parallax may be 
obtained by using the polynomial coefficients given on pages D23—D45. Precise values 
of true distance and semi-diameter may be obtained from the parallax using: 


r = 6 378-137/sinz km sins = 0-272 493 sina 


The tabulated values are all referred to the centre of the Earth, and may differ from 
the topocentric values by up to about 1 degree in angle and 2 per cent in distance. 


Time of transit of the Moon 


The TDT of upper (or lower) transit of the Moon over a local meridian may be 
obtained by interpolation in the tabulation of the time of upper (or lower) transit over 
the ephemeris meridian given on pages D6—D20, where the first differences are about 
25 hours. The interpolation factor p is given by: 

p = —A+ 1-002 738 AT 

where A is the east longitude and the right-hand side is expressed in days. (Divide 
longitude in degrees by 360 and AT in seconds by 86 400). During 1998 it is expected 
that AT will be about 64 seconds, so that the second term is about +0-000 74 days. 
In general, second-order differences are sufficient to give times to a few seconds, but 
higher-order differences must be taken into account if a precision of better than 1 
second is required. The UT of transit is obtained by subtracting AT from the TDT of 
transit, which is obtained by interpolation. 


Topocentric coordinates 


The topocentric equatorial rectangular coordinates of the Moon (x’, y’, z’), referred to 
the true equinox of date, are equal to the geocentric equatorial rectangular coordinates 
of the Moon minus the geocentric equatorial rectangular coordinates of the observer. 
Hence, the topocentric right ascension (a’), declination (6’) and distance (r’) of the 
Moon may be calculated from the formulae: 

x’ =r’ cos6’ cosa’ =r cos6 cosa — p cos ¢’ cos Oy 

y' =r’ coso’ sing’ =rcos6 sina — p cos ¢’ sin A 

aS iWoM = 751.0 —p sind’ 
where § is the local apparent sidereal time (see pages B6, B7) and p and ¢@’ are the 
geocentric distance and latitude of the observer. 
Then pea x24 y? 47? og = tan (y'/x’), 6! = sin {(z'/r’) 


The topocentric hour angle (h’) may be calculated from h’ = 09 — a’. 


Physical ephemeris ! 
See page D4 for notes on the physical ephemeris of the Moon on pages D7—D21. 


D4 MOON, 1998 


NOTES AND FORMULAE 


Appearance of the Moon 


The quantities tabulated in the ephemeris for physical observations of the Moon on 
odd pages D7—D21 represent the geocentric aspect and illumination of the Moon’s 
disk. For most purposes it is sufficient to regard the instant of tabulation as 0° universal 
time. The age is the number of days elapsed since the previous new Moon; the fraction 
illuminated (or phase) is the ratio of the illuminated area to the total area of the lunar 
disk; it is also the fraction of the diameter illuminated perpendicular to the line of 
cusps. These quantities indicate the general aspect of the Moon, while the precise times 
of the four principal phases are given on pages Al and D1; they are the times when 
the apparent longitudes of the Moon and Sun differ by 0°, 90°, 180°and 270°. 


The position angle of the bright limb is measured anticlockwise around the disk 
from the north point (of the hour circle through the centre of the apparent disk) to the 
midpoint of the bright limb. Before full moon the morning terminator is visible and 
the position angle of the northern cusp is 90° greater than the position angle of the 
bright limb; after full moon the evening terminator is visible and the position angle of 
the northern cusp is 90° less than the position angle of the bright limb. 


The brightness of the Moon is determined largely by the fraction illuminated, but 
it also depends on the distance of the Moon, on the nature of the part of the lunar 
surface that is illuminated, and on other factors. The integrated visual magnitude of 
the full Moon at mean distance is about —12:7. The crescent Moon is not normally 
visible to the naked eye when the phase is less than 0-01, but much depends on the 
conditions of observation. 


Selenographic coordinates 


The positions of points on the Moon’s surface are specified by a system of seleno- 
graphic coordinates, in which latitude is measured positively to the north from the 
equator of the pole of rotation, and longitude is measured positively to the east on the 
selenocentric celestial sphere from the lunar meridian through the mean centre of the 
apparent disk. Selenographic longitudes are measured positive to the west (towards 
Mare Crisium) on the apparent disk; this sign convention implies that the longitudes 
of the Sun and of the terminators are decreasing functions of time, and so for some 
purposes it is convenient to use colongitude which is 90° (or 450°) minus longitude. 


The tabulated values of the Earth’s selenographic longitude and latitude specify the 
sub-terrestrial point on the Moon’s surface (that is, the centre of the apparent disk). 
The position angle of the axis of rotation is measured anticlockwise from the north 
point, and specifies the orientation of the lunar meridian through the sub-terrestrial 
point, which is the pole of the great circle that corresponds to the limb of the Moon. 


The tabulated values of the Sun’s selenographic colongitude and latitude specify the 
sub-solar point of the Moon’s surface (that is at the pole of the great circle that bounds 
the illuminated hemisphere). The following relations hold approximately: 


longitude of morning terminator = 360° — colongitude of Sun 
longitude of evening terminator = 180° (or 540°) — colongitude of Sun 


The altitude (a) of the Sun above the lunar horizon at a point at selenographic 
longitude and latitude (/, b) may be calculated from: 


sina = sinbo sinb + cos bo cosb sin (co + 1) 


where (co, bo) are the Sun’s colongitude and latitude at the time. 


MOON, 1998 D5 


NOTES AND FORMULAE 


Librations of the Moon 


On average the same hemisphere of the Moon is always turned to the Earth but there 
is a periodic oscillation or libration of the apparent position of the lunar surface that 
allows about 59 per cent of the surface to be seen from the Earth. The libration is due 
partly to a physical libration, which is an oscillation of the actual rotational motion 
about its mean rotation, but mainly to the much larger geocentric optical libration, 
which results from the non-uniformity of the revolution of the Moon around the centre 
of the Earth. Both of these effects are taken into account in the computation of the 
Earth’s selenographic longitude (J) and latitude (b) and of the position angle (C) of the 
axis of rotation. The contributions due to the physical libration are tabulated separately. 
There is a further contribution to the optical libration due to the difference between 
the viewpoints of the observer on the surface of the Earth and of the hypothetical 
observer at the centre of the Earth. These topocentric optical librations may be as 
much as 1° and have important effects on the apparent contour of the limb. 


When the libration in longitude, that is the selenographic longitude of the Earth, 
is positive the mean centre of the disk is displaced eastwards on the celestial sphere, 
exposing to view a region on the west limb. When the libration in latitude, or 
selenographic latitude of the Earth, is positive the mean centre of the disk is displaced 
towards the south, and a region on the north limb is exposed to view. In a similar way 
the selenographic coordinates of the Sun show which regions of the lunar surface are 
illuminated. 


Differential corrections to be applied to the tabular geocentric librations to form the 
topocentric librations may be computed from the following formulae: 
Al = —n' sin(Q —C) secb 
Ab = +n’ cos(Q —C) 
AC =+sin(b + Ab) Al—7’ sinQ tan6 
where Q is the geocentric parallactic angle of the Moon and 7’ is the topocentric 


horizontal parallax. The latter is obtained from the geocentric horizontal parallax (7), 
which is tabulated on even pages D6—D20 by using: 


n’ = n(sinz + 0:0084 sin 2z) 


where z is the geocentric zenith distance of the Moon. The values of z and Q may be 
calculated from the geocentric right ascension (a) and declination (0) of the Moon by 
using: 
sinz sinQ =cos®@ sinh 
sinz cosQ =cos6o sing — sind cos¢ cosh 
cosz = sind sin@ +cosd cos¢ cosh 
where ¢ is the geocentric latitude of the observer and h is the local hour angle of the 


Moon, given by: 
h = local apparent sidereal time — « 


Second differences must be taken into account in the interpolation of the tabular 
geocentric librations to the time of observation. 


D6 MOON, 1998 


FOR 0" DYNAMICAL TIME 


a Apparent Apparent True Horiz. Semi- BS ag RS 
0" TDT Long. Lat. RyAG Dec. Dist. Parallax diameter Upper Lower 
° ° h m s iS ye ey ’ ” , ” h h 
Jan. 0 295-92 +3-68 19 48 47:0 —17 20 32 58-611 58 39-41 15 58:97 13-6966 01-2287 
1 309-97 +2:72 20 46 38-2 —15 07 19 58-234 59 02-18 1605-18 14-6213 02-1613 
2 324-12 +1-59 21 43 33-9 —11 58 47 57-999 59 16-50 16 09:08 15-5245 03-0758 
3 338:31 +0:35. 22 39 16-4 — 8.07 39 57-898 59 22-70 16 10-77 16-4055 03-9675 
4 352-49. — 0:91) 2.23. 3345103 o— 3,48 58, 57-913. 59) 21-82. 6010-53, e517-2701e, 0458393 
5 G:635I= 2H 0 27 42:0 + 041 27 58-021 59 15-16 16 08-71 18-1281 05-6992 
6297 20;729553:18 1 21 20-7 + 50807 58-205 59 03:96 16 05-66 18-9900 06-5579 
7 34:73 -4:06 215 19-8 +9 1611 58-450 58 49-06 16 01-60 19-8644 07-4253 
8 48:65 -4-68 3 10 02-9 +12 5150 58-753 58 30-87 15 56-65 20-7548 08-3076 
9 62:45 —5:03. 4.05 38:2, +1542 43 59-113. 58 09-49 15 50-82 21-6586 09-2055 
10.4 970212) = 5-09) 9) 5. ON S327 th 3857. 9554. Aa Shae loa 4a 22S O0N) mehOE 26 
Wt 89:59. 5 — 4-86 2S) OS 7 1S 345 24s OO: OL is Sipe fe 0s 163058754028 mato 
12° 9102°85> "4°38 6,54) 03-8" 18°27 39. 60-544" 56 46-99" 15 28234 ea 11-9027 
ISM dr Sore 3107 1 ye 4820S) tat L7e2D nO 4oee SO 15-260. 15 eO70F SO0=35490 emia 7a aN 
14541128 -58 22-49" 18 VATAO0 7 15) 25" 26") 61693" 9155°43°53" 15) 1105 S201" 1716 3-5 753 
157 941-05 9-179 N AON SI 24228 DAT 4 1625249 5593137665! 15-02-91 2 01969 © alt: 3536 
16°> 153:27 —0:72) 10 19°45: +°9938'04 § 62:742 — 354 47-67 914 °55-83' 02-7295, .15:0978 
178-165-298 40°37" 106) 24-0 14) 63.0758 \ 63712854 27-53 914 50:35) 603-4598= 15-8167 
18 .177:17. +1-42~ |11-51, 52-0. +.2 25 55, 63:371 54 15-01. 14:46:93» 04-1701 16-5214 
19 188-97 +2-41 12 36 46-4 — 12010 63-439 54 11-52 14 45-98 04-8723 17-2243 
20° 200-79 +3:31° 13°21 47-7 — 5,03 00, 63-312 . 54 18-04. 14 47-76 05-5791 17-9383 
21 212-70 +4-:06 14 07 37-1 — 8 35 24 62-984 54 35-01 14 52-38 06-3034 18-6760 
22 «224-79 +4-65 14 54 54-4 —11 49 39 62-464 55 02:27 14 59-81 07-0575 19-4490 
23° - 237-16. +5:03' 15 44 14-3. 1437 02 , 61-779.) 55, 38-88 45 09:79 -O7-8515 20-2657 
24 249-85 +5:19 16 36 00-7 —16 47 34 60:972 56 23-07 15 21-83 08-6919 21-1299 
25 *~ 26293 5:08 3 17230. 20:9") *—18710"30 2260°1015 * 57212-12115 35-19" (09-5789. 22-0376 
26 «27641 +469 18 26 58-9 —18 35 39 59-233 58 02:44 15 48:90 10-5045 22-9772 
27 =—-290:28 +4-02 19 25 15-1 —17'55'35 9 58-439". 58 49-77 | 16°01:80 -/ 114535, ~ 23-9310 
28 304-49 +3-09 20 24 14-7 —-16 08 04 57-784 59 29-75 16 12:69 12-4075 sigs 
29) 318-95" +194" ° 21°23" 02:3" 13 17°36" “S7*32T 5958-62, 16 20:56 13-3505" 00-8811 
30 SS3 57M 0:65" M2220 S797 = 9835 ° 209" 57077 "60 13-09" 16°24: 74" 14-2735“ O1-8148 
31. 348:22"! 0-68) 923':17°44-1 — 5 17113 -57-056 60 15-29) 16 25-09" 15-1753 '02°7269 
Feb. 1 2 Oli = 97 2 OL13: 269% = O'419320 57-2382 60"08:80 1692196" 16-0611 80320198 
2 172 265n3712 1 08 26:3 + 3 53 30 57-585 59 42:13 16 16:06 16-9389 04-5005 
3, Bly52, = 4:06 142.03 08:7 28 11076 (58:049 SOMIG 485 016) 08-264 MF-8167) (05:37173 
4. A5:55i4 = A-T5 2 57 57:3. +11 56 52 58-585 58 40:93 15 59-39 18-6998 06-2574 
B 60933. o14 sy . 84935 05:3, P14 58655) 529.1500 5506-97 se 5e5003 195880" 07-1457 
6. 72:87. 5240-4 4831-16 +17 08,21 . 659-733 905713327). 15, 40-95)20:4794 “08:0845 
7 86°18 —5:06 (5 43 57:3 +18 19 35” 60:300 57 00:81 “15 32-11  2i-3625)—08;9226 
8 99:25) =4-61 6 38 54-6 +18 30 50 60-848 56 30-00 15 23-71 22-2274 09-7978 
9 112:10° —3-94 § 7 32 49-4 +17 44 09 (61:373 56 00:99 15 15-81 ~ 23-0648 10-6500 
TO "124873 = 3°08 88129" 13-45 16. 051050 FOI SI2 55593387.) 15 08425 2328604 Tai 
D1 37-10) 2-09 eS atispo 02 ta 4 reas 2 sao Oso 5. mami) Oleg Sc 122591 
12 149-41 —1-02 10 04 38-1 +10 43 36 62-760 54 46-70 14 55-57 00-6407 13-0149 
13. 161-48 +0-09 10 51 48-5 + 7 20 30 63-118 54 28-04 14 50-48 01-3825 13-7444 
14 173-42 +1-18 11 37 435 + 34155 63:390 54 14:05 14 46-67 02-1018 14-4558 
1S 185:27) 42:22 812 22 5253 — 003 25 63-547 54 05:98 14 44-47 02-8079 15-1592 


Feb. 


MOON, 1998 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" DYNAMICAL TIME 


The Earth’s Physical The Sun’s Position Angle 
Selenographic Libration Selenographic Bright 
Long. Lat. ee te BsAS "Colons, eat: Axis Limb 

° ° (0°001) g 4 é is 
—3-788 —4-8i1 ==) -13. 20) 9 290-48ee -Fil-36 9348-487 1247-34 
2-922 3-566 6 14 22 302-67 1:35 343-389 249-87 
1-971 2-091 SP el4 e235 * 314-85 1-34 339-333 ~ 249-05 
0-994 —0-480 Art 4 “223% 1327-03 1-33, 336-567 247-84 
=0:027' +1-163 Sruela S224— £1339-20 1-31 © 835-221 °9-247-07 
qT O007% -BO-7338e —=N2V 314 E25m 151-8776 -a-80 1335-3382 81 247-02 
JIA 4-131 wi 814 Se25 3°52 1:29 336-861 © 247-77 
2-632 5-275 QO G14 4025. 15-67 1:29 339-714» 249-32 
33395 6-098 0 13 24 27-82 1-28 343-739 251-54 
4-057 660% -Seleaei2 024 39-95 1:27 348-716 = 254-15 
+4-579 +6:-642 Pleo 52-0968 tal-25.  1354:3525256-99 
4-913 6-353 Ome 220 64-22 1-24 0-289 | 257-35 
5-015 S725) el 0) G20 76-35 1-23 6-138 248-90 
4-850 4-808 2) ity 88-47 1-21 11-539 148-76 
4-399 3-667 3 9 18 — 100-60 1-19 16-203 115-21 
o-00Gk —te-S/0M —mdece S ele @NID-/30e all] 19-941 112-08 
2-684 +0-986 6 8 16 124-86 1-15 22-656 112-05 
1-493 —0-422 7 S eto! #1137-00 13 24-319 112-44 
+0-160 1-796 9 8 15 149-14 1-10 24-939 112-59 
e237, 3-086 10 OE Ta) Stt6l-29 1-08 24:540 112-27 
—2ol4 =4-246)0 —12ae 9 er lal 91173-4485 1-06 23-151° 111-40 
3-880 52232 13 LO PSS VElS5-60 1-03 20:795 109-93 
4-949 6-002 144910 Se ML197-997 1-01 17-500 107-84 
5°739 6511 15° =e 11 =< 16, &1209:94 0-98 13-310 105-16 
6-186 6-718 Loreal Me iiye 1922210 0-96 8-316 102-00 
=6-248 =6580h —16 —F1l =F1s! = 234-50h) -+20-93 2-689 98-60 
5-911 6-090 16 12 19 246-48 0-90 356-701 95-57 
5:199 5-227 LOPE 12 20> 258-67 0-88 350-736 94-95 
4-168 4-022 rol 22 22702377 0-85 345-240 119-00 
2-902 2-540 see 12 FF28. 8253-06 0-83 340-652 241-26 
=E501l =0:873% iS —r12 24 ¥ 295-25" 4-0:80  ~337-325 9247233 
—0:064 +0-858 12 12 24 307-44 0-78 335-472 247-88 
ale ii 2-528 LP Sel Wi 2as 6319-62 0-76 335-172 248-19 
2512 4-023 DSP \a25! +4331-80 0:73 336-385 249-12 
3-650 5-248 S 1010 SP 25% 9343-98 0-71 338-988 250-86 
+4518 +6137 — 8 +10 +25 356-14 +0-69 342-794 253-41 
5-158 6-656 i 9 1°24 8-30 0-67 347-564 256-66 
5-562 6-792 8 23 20-46 0-65 353-011 260-42 
5-724 6-558 8 Yan 32-60 0-63 358-808 264-43 
5-646 5-985 s) eee) 44-75 0-60 4-603 268-35 
25:500) Gre wuLSie 10 16 9 56:89  +0:58 ~*~ 10:062 271-65 
4-784 4-013 11 Sealy) 69-02 0-55 14-896 273-22 
4-019 2135 13 © 0816 81-16 0-52 18-892 264-35 
3-056 +1-345 14 D Oa lS 93-30 0-50 21-917 119-46 
1-921 —0-087 16 5 14! ©8105:43 0-47 23:907 * 112-06 
+0:-652 —1:500 —-17 + 5 +14 117-57 +0-44 24-848 111-13 
=(07705 —=2:8388% 199 6 13" * 129-720! +041 24-757 110-61 


D7 


Frac- 
tion 
Illum. 


0-02 
0-07 
0-13 
0-22 
0-32 


0-43 
0-55 
0-66 
0-76 
0-85 


0-92 
0-97 
0-99 
1-00 
0-98 


0-95 
0-90 
0-83 
0-75 
0-67 


0-58 
0-48 
0-39 
0-30 
0-21 


0-13 
0-07 
0-02 
0-00 
0-01 


0-04 
0-10 
0-19 
0-28 
0-39 


0-51 
0-62 
0-72 
0-81 
0-88 


0-94 
0-98 
1-00 
1-00 
0-98 


0-94 
0-89 


D8 MOON, 1998 


FOR 0" DYNAMICAL TIME 


, 3 Eph is T it 
Date Apparent Apparent True Horiz. Semi- P Sct, a 
0" TDT Long. Lat. R.A. Dec. Dist. Parallax diameter Upper Lower 


° ° hig Ss ' ” ! " ' " h h 


Feb. 15 185-27 +2:22 12 22 52:3 — 003 25 63-547 5405-98 14 44-47 02-8079 15-1592 
3 


16 197-08 +3-16 13 07 48-0 — 3 47 28 63-564 54 05-12 14 44-24 03-5113 15-8654 
17 208-90 +3-96 13 53 06-1 - 72240 63-417 54 12-65 14 46-29 04-2231 16-5856 
18 220-81 +4-60 14 39 22-2 -10 41 35 63-090 54 29-51 14 50:88 04-9543 17-3306 
19 232-88 +5-04 15 27 09-9 -13 36 22 62-579 54 56:20 14 58-16 05-7154 18-1098 
20 245-19 +5-27 16 16 57-1 —15 58 32 61-895 55 32-66 15 08-09 06-5146 18-9303 
21 257-81. +5:25 17 09 01-8 -17 38 52 61-064 56 18-02 15 20-45 07-3569 19-7941 
22 270-82 +4:97 18 03 26:7 -18 2758 60-131 57 10-42 15 34:73 08-2414 20-6976 
23. 284-25 44-41 18 59 55-4 -18 17 23 59-159 58. 06-79 15 50-08 09-1613 21-6308 
24 298-13. +3-58 19 57 54:2 -17 01 40 58-223 59 02-87 16 05-36 10-1042 22-5796 
25 312-42 +2-50 20 56 38:8 -14 40 17 57-403 59 53-47 16 19-15 11-0555 23-5303 
26 327-08 +1-24 21 55 269 -11 19 15 56-775 60 33-20 16 29-98 12-0030... 
27 342-00 —0-14 22 53 48:7 — 711 08 56:398 60 57-47 16 36-59 12-9398 00-4729 
28 357-04 -1-51 23 51 326 — 233 42 56-304 61 03-62 16 38:26 13-8650 01-4037 
Mar. 1 12-06 —2-78 0 48 42:2 + 2 12 36 56-489 60 51-60 16 34-99 14-7816 02-3241 
2 26:92 -3-84 1 45 30-0 + 6 47 18 56-921 60 23-91 16 27-45 15-6940 03-2381 
3. 41-51 -4-64 2 42 08-7 +10 52 12 57-542 59 44-75 16 16-78 16-6051 04-1496 
4 55:76 -5:13 3 38 44-4 +14 12 50 58-287 58 58-94 16 04-29 17-5145 05-0602 
5 69-64 -5:30 435 11-5 +16 39 08 59-089 58 10-92 15 51-21 18-4177 05-9673 
6 83-13 -5:17 5 31 13-1 +18 05 37 59-891 57 24-18 15 38-48 19-3071 06-8647 
7 96:28 4:78 6 26 24-1 +18 31 04 60-650 56 41-06 15 26-73 20-1743 07-7440 
8 109-11 —4:15 7.20 18-4 +17 5804 61-339 56 02-85 15 16-32 21-0123 08-5973 
9 121-67 -3-33 8 12 35-6 +16 32 10 61-943 55 30-04 15 07-38 21-8178 09-4192 
10. 134-01 -2:37 9 03 05:8 +14 20 53 62-458 55 02-61 14 59-90 22-5909 10-2082 
11 146-18 -1-32 9 51 51-2 +11 32.54 62-883 54 40-29 14 53-82 23-3356 10-9664 
12 158-20 —0-22 10 39 04-3. + 8 17 18 63-220 54 22:80 14 49:06 ... 11-6992 
13° 170-13 +0-88 11 25 05-5 + 4 43.07 63-469 54 09-97 14 45-56 00-0582 12-4138 
14 181-98 +1-93 12 10 20:8 + 0.59.06 63-627 54 01-91 14 43-36 00-7670 13-1189 
15 193-80 +2:90 12 55 18:8 — 2 46 22 63-684 53 58-99 14 42-57 01-4708 13-8238 
16 205-63 +3:74 13 40 29-8 - 6 25 10 63-629 54 01-84 14 43-35 021790 14-5378 
17 217-49 +442 14 26 23-4 —~ 9 4923 63-444 54 11-25 14 45-91 02-9011 15-2699 
18 229-45 +492 15 13 27-4 -12 5104 63-118 54 28-08 14 50-49 03-6454 16-0282 
19 241-54 +5:20 16 02 05-0 —15 22 10 62-639 54 53-05 14 57-30 04-4192 16-8188 
20 253-85 +5:26 16 52 32-8 -17 14 27 62-007 55 26-61 15 06:44 05-2273 17-6448 
21 266-41 +5:06 17 44 56-6 18 19 45 61-233 56 08-66 15 17:90 06-0710 18-5055 
22 279-31 +4:61 18 39 10:2. 18 30 40 60-344 56 58:28 15 31-42 06-9475 19-3960 
23 292-60 +3-90 19 34 55-3. —17 41 31 59-385 57 53-51 15 46-47 07-8500 20-3083 
24 306-32 +295 20 31 45-1 —15 49 45 58-417 58 51-08 16 02-15 08-7697 21-2333 
25 320-48 +1-80 21 29 11-7 —12 57 19 57-516 59 46-41 16 17-23 09-6982 22-1637 
26 335-07 +0-49 22 26 53-4 — 9 1135 56-763 60 33-97 16 30-19 10-6296 23-0957 
27 350-01 -0-88 23 24 39-8 — 4 45 40 56-235 61 08-07 16 39-48 11-5621... 
28 518. =2-:20 0.22 31-1 + 0:02 20 55-990 61 24:15 16 43-86 12-4971 00-0291 
29-20-43. 3-37 1:20 34-5 + 451 16 56-054 61 19-97 16 42-72 13-4370 00-9663 
30. 35:59 4:30 2:18 56-0 + 9 19 26 56-417 60 56:29 16 36-27 14-3826 01-9092 
31 50-49 =4-92 3:17 33-2 +13 07 30 57-035 60 16-63 16 25-46 15-3307 02-8568 
Apr. 1 65-01 —5:20 4 16 10-4 +16 0051 57-842 59 26-21 16 11-72 16-2733 03-8034 
79:09 -S:16 5 14 18:4 +17 50 54 58-757 58 30-66 15 56:59 17-1993 04-7392 
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FOR 0" DYNAMICAL TIME 


The Earth’s 
Selenographic 
Long. Lat. 
=0-705.' —2:-838 
2-095 4-050 
3-454 5-091 
4-712 5-920 
5:796 6-501 
—6:630 —6:796 
7-146 6:774 
7-284 6-409 
7-007 5-687 
6-302 4-613 
—):1924 —38-224 
3°738 1 —1:589 
2:037. ++0-181 
O21 1-954 
+ 1-604 3-590 
+3-281 +4-966 
4-710 5-993 
5-813 6-623 
6:549 6-846 
6-908 6-680 
+6:905 +6-165 
6:°575 5-350 
5-960 4-292 
5-109 3-052 
4-068 1-691 
si Peereiese sells 7/it 
1-595 —1-149 
+ 0-243 2:509 
sills oy 3:757 
2-493 4-843 
31971 —S27123 
5-000 6:361 
6-049 6-725 
6-891 6-788 
7-467 6-530 
=7:719| —'5-940 
7:596 5-019 
7-059 3-786 
6-093 2:286 
4-717 —0-596 
=2:994 +1-172 
= Ikei0}33 2-884 
+1-026 4-397 
3-010 5°59] 
4-760 6-384 
+6:147 +6:742 
+7:088  +6-677 


MOON, 1998 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 


Physical 
Libration 
om ts (PEAS 
(0°001) 
OE Ouse 
20 o Fels 
22 a4 
2D syle! 
24 ish ails) 
—25e a 9) Hallo 
26 ly! 
26) a0) Ha) 
26r e010! Ve20 
Dore V2 
—PSr tall) 322) 
2841 5723 
OD eA) Be24 
2,10 #425 
19 9" 1925 
Nee o eS) 
16 J Sa25 
15 @ FE23 
15 5 1:24 
IS) AAD? 
—6) = 3° 21 
17 2 eal9 
18 2 S18 
19 AKG 
20 1” PS 
OP ala 
24 1, als 
25 2, TAS, 
27 3; O13 
28 3) $e13 
—30)-+° 4 +13 
31 Dep al et! 
32 Si aalS 
33 6 V6 
33 7 tal 
—35) 48 +18 
33 8 20 
32 OF PT 
3] Oe M7) 
30 Se 6 O28) 
—28) 4298 +23 
26 8 24 
24 7. G24 
23 6 24 
21 4 24 
—20993 +23 
—J0es 2 22 


The Sun’s 

Selenographic 

Colong. Lat. 
129-72 +0-41 
141-86 0-38 
154-02 0-35 
166-17 0-32 
178-34 0-29 
190-51  +0:26 
202-68 0:23 
214-87 0-21 
227-06 0-18 
239-25 0-15 
251-45 +0-12 
263-65 0-09 
275-86 0-06 
288-06 +0-03 
300-26 0-00 
312-46 —0-03 
324-66 0-06 
336-84 0-08 
349-03 0-11 
1-20 0-14 
13:37 —0-16 
25-54 0-19 
37-70 0-22 
49-85 0-24 
62-01 0-27 
74:16 —0-30 
86-31 0-33 
98-46 0-36 
110-61 0-38 
122°77 0-41 
134-93 —0-44 
147-09 0-47 
159-26 0-49 
171-43 0-52 
183-61 0:54 
195: 30'S 
207-99 0-59 
220-19 0-62 
232-40 0-65 
244-61 0-67 
256-83 —0-70 
269-05 0-72 
281-27 0-75 
293-49 0-78 
305-70 0-80 
S/o 0-82) 
830712°9"—=0°85 


Position Angle 


Axis 


° 


24-757 
23-666 
21-613 
18-640 
14-800 


10-173 
4-888 
359-148 
353-249 
347-576 


342-560 
338-616 
336-070 
835-115 
335-799 


338-032 
341-619 
346-284 
351-697 
357-499 


3-330 
8-860 
13-811 
17:978 
21-223 


23-469 
24-684 
24-869 
24-045 
22-246 


19-521 
15-932 
11-569 
6:555 
1-069 


3597396 
349-728 
344-552 
340-209 
337-053 


335-362 
335-300 
336-896 
340-035 
344-469 


349-849 
355-760 
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Limb 
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87-78 
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79-56 
77-00 
249-63 
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DISS 


252-81 
255-09 
258-26 
262-12 
266-41 


270-89 
275-29 
279-43 
283-22 
286-75 


290-96 
316-05 
101-11 
104-67 
104-82 


103-66 
101-58 
98-73 
9522 
91:17 


86:77 
82-22 
77-16 
73-53 
69-42 


63-83 
17-89 
263-10 
259-42 
260-69 


263-71 
267-64 
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0-67 
0-76 
0-84 
0-91 
0-96 


0-99 
1-00 
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MOON, 1998 
FOR 0" DYNAMICAL TIME 


Ephemeris Transit 
for date 
Upper Lower 


Apparent Apparent True Horiz. Semi- 
Long. Lat. R.A. Dec. Dist. Parallax diameter 


h ° , ” Uy ” ' ” h h 
416 10-4 +16 00 51 57-842 59 26-21 16 11:72 16-2733 03-8034 
5 14 18-4 +17 50 54 58-757 58 30:66 15 56:59 17-1993 04-7392 
92-70 —4-82 6 11 21:0 +18 35 20 59-704 57 34:97 15 41-42 18-0971 05-6523 
7 06 44:0 +18 17 02 60-616 56 42-96 15 27:24 18-9583 06-5326 
8 00 04:3. +17 02 33 61-444 55 57:10 15 14-75 19-7794 07-3739 
8 


51) 14-12 -F15 0026 © 62-155~— 5518°72- 15%0429 20-5620 ‘08-1753 
143-20 ii leo 9 40 20-2 +12 19 54 62-731 54 48-25 14 55-99 21-3115 08-9404 
155:26 -—0-44 10 27 40-9 + 91003 63-167 54 25-50 14 49-79 22-0358 09-6762 
167-15 +0-63 11 13 42:2 + 5 39 37 63-470 54 09-94 14 45-55 22-7443 10-3915 
178-97 +1-68 11 58 53-7 + 15657 63-647 54 00-90 14 43-09 23-4467 11-0957 


190-78 +2:65 12 43 46:7 — 14951 63-709 53 57:74 14 42-23 A 11-7986 
202-61 +3-50 13 28 52:0 — 5 32 42 63-665 53 59-98 14 42-84 00-1526 12-5097 
214-49 +4-20 14 14 38:1 — 9 03 24 63-520 54 07:39 14 44-86 00-8709 13-2373 
226-46 +4-72 15 01 30-3. —12 13 34 63-274 54 20-01 14 48-30 01-6095 13-9884 
238:54 +5-04 15 49 47-8 —14 54 41 62-925 54 38-10 14 53:22 02-3745 14-7680 


250:75 T45:13 16) 39: 41-9) =16 58:22 » 62-468 55:02:07 14159976 03-1691 115-5777 
263-15 +4:99 17 31 14:0 —18 16 42 61-901 55 32:33 15 08-00 03-9936 16-4161 
275:76 +4:60 18 24 14:7 —18 42 57 61-226 56 09:06 15 18:01 04-8446 17-2782 
288°64 Teb3s97 19) .18-25-90 218 120i 260-456 S699 15929:70 05-7160 MS-1570 
301-83 +3-13 20 13 25-2 —16 42 09 59-615 57 40:10 15 42-81 06-6006 19-0460 


315-39 +2-08 21 08 52:5 -14 13 54 58-745 58 31-36 15 56:78 07-4926 19-9403 
329-34 +0-88 22 04 35-5 —10 52 23 ~ 57-901 59 22:54 16 10:72 08-3890 20-8391 
343-70 —0-40 23 00 33-4 - 6 46 44 57-151 60 09:28 16 23-46 09-2908 21-7449 
358-43 —1:69 23 56 56:0 — 2 1025 56-568 60 46:49 16 33-60 10-2021 22-6630 
13-45 —2-88 0 53 59-4. + 2 3904 56-217 6109-25 16 39-80 11-1283 23-5983 


28:63 —3-88 fe 51-590) be-7 2012 156-145 - 61 S295+ 16740508 12-0783 ae 

43:80 —4-61 2 51 00-2, +11 34 38 56:369 60 59-37 16 37:11 13-0362 00-5528 
58:80 —5-01 3 50 49-8 +15 00 03 56-871 60 27:08 16 28:31 14-0092 01-5223 
73-47 —5-07 4 50 53-2 +17 23 10 57-602 59 41:05 16 15:77 14-9775 02-4950 
87:70 —4-80 5 50 19-0 +18 36 51 58-491 58 46-61 16 00-93 15-9232 03-4543 
101-44 —4:27 6 48 12-6 +18 41 26 59-458 57 49-23 15 45-30 16-8308 04-3825 
114-70 —3-52 7 43 51-4 +17 43:09 60-426 56 53-69 5 30-17 17-6914 05-2672 
127-51 Lie2? 61 8 36 54:3) +15 51 43 61-326 §=56 03:55 15 16:51 ~=18-5038 06-1034 
139-96 + ==1;61 O27 22°98 13 1459 462-109 SS QIRL7 15004596 19-2731 106-8933 
152-11 —0-55 10 15 36-3. +10 12 23 62-740 54 47-76 14 55-86 20-0085 07-6444 
164-07 +0-51 11 02 05-1 + 6 44 22 63-202 54 23-69 14 49-30 20-7211 08-3669 
175-91 +1:54 11 47 25:0 + 3 02 23 63-494 54 08:70 14 45-22 21-4227 09-0726 
187-70 +2:49 12 32 135 — 045 44 63-623 5402-10 14 43-42 22-1247 09-7729 
199-51 +3:34 13.17 07-3 — 4 32:21 63-607 54 02:95 14 43-65 22-8378 10-4792 
211-40 +4-05 14 02 40-1 — 8 09 35 63-464 54 10:24 14 45-64 23-5711 11-2014 
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a 
Wn 
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= 
rs 
gS 
\o 
i) 
= 
= 
| 
= 
<= 
N 
\o 
> 
xz 


63-216 54 23-00 14 49-11 11-9476 


235-51 +491 15 37 31-6 —14 2155 62-881 54 40-38 14 53-85 00-3316 12-7234 
247:78 +5:02 16 27 23:5. =—16 39 05 (| 62-473 5501-80 1459-68 -01°1231 13-5305 
260-21 +4:89 17 18 55-4 —-18 11 52 62-002 55 26:89 15 06:52 01-9452 14-3663 
272:82 +4:53 18 11 52:8 —18 5258 61-474 55 55:49 15 14-31 02-7930 15-2241 
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60-262. 57 02:93 15 32-69 04-5317 16-9689 
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MOON, 1998 D1i1 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" DYNAMICAL TIME 


The Earth’s Physical The Sun’s Position Angle Frac- 
Selenographic Libration Selenographic Bright tion 
Long. Lat. jeg. et, ReAS ‘Colones at: Axis Limb — Illum. 

é ° (0°001) ¢ 6 ° 


+6:147 +6-742 —20 + 3 +23 317-91 -0-82 349-849 263-71 0-21 
7-088 6-677 ZUM 2 22k 69330212 0-85 355-760 267-64 0-31 


7-554 6-233 20 OPI 21" 37342-32 0-87 1-780 272-01 0-41 
7-560 5-469 QUE 1 SPISE 2354-52 0-89 7:528 276-44 0-52 
7-154 4-453 21 P18 6-71 0-92 12-699 280-66 0-62 
+6:406 +3-249 Se Det LO 18-89 —0-94 17-082 284-51 0-71 
57390) 1922 23 2 OOS 31-07 0-96 20-545 287-93 0-80 
4-185 +0-531 24 31218 43-25 0-99 23-018 290-98 0-87 
2-859 —0-868 26 2 +416 55-42 1-01 24-472 293-96 0-93 
1-475 2-220 27 PSN 67:59 1-03 24-906 297-82 0-97 
U0SAN 8 42eee 28 2 12 79-750 =s1205 24-329 9307-50 + 0:99 
Uy org 4-575 SOc. ll 2 91-92 1:07 22-769 69-30 1-00 
2-559 5-483 31 0 12 104-09 1-09 20-262 89-78 0-99 
82/52 6-156 B2atr LL Ses: 116-26 1 eal 16-870 95-098 0:96 
4-824 6-561 33 1 14 128-43 iis 12-681 94:90 0-91 


On Se O72 oe ee ails 140-61 —1-14 7-823 92-76% 0285 
6-502 6-474 35 3 3016 152-79 1-16 2-478 89-55— 0°78 
7-041 5967 35 4 U7. 164-97 1:17 356-881 S>°/3™ (0°69 
7-326 5-140 35 Dov is 177-17 AD) 965-320 81-60 0-59 
7-309 4-028 34 Okay: 189-37 1:20 346-119 77-46 0-48 

—6:945 —2-664 Borer 6 FEZ0F \ 201-S7Pe = 1-22“ U84il-609 73:56@  0:3i7 
6:198 —1-104 32 1 2A 213-78 1:28 338-105 70-07" 0:27 
5-054 +0-566 30 Te 2) 226-00 1-25 "335°877 67-04 0-17 
3-536 2-240 29 OVE22? GI288"23 1-27 ESBS N32 64:16 0-09 

= 1715 3-790 27 68522) 11250:46 1-28 2335-985 59-81 0-03 

+0-287 +5-087 Yate Oe lo. Wh202-69h) — 1-30) F3387433 40-29 0-00 
2-305 6-025 23 4 22 274-93 1:32 “S42:858eN 259-2089 0-01 
4-161 6:°535 22 DN DIS OLSTIENG) 1:33 347-470 270-31 0-04 
5-692 6-600 ZA an 2 299-39 135 C353-3720 20-38e" '0:09 
6-782 6-250 20 lie 20) S831 62 1-36) 2959-D91 5278" 31 0-17 

Feaeova “a4 Je 2a lew © 323°35n8 —1-33 5:664 277-14 = 0-26 
7-457 4-560 20 oe Ih = 336-07 es) 11-203 281-10 0-36 
7-086 3-375 20 4 15 348-28 1-41 15-940 284-81 0-46 
6-330 2-061 21 4 14 0-49 1-42 LOW 2IGA*288°05E% 0°56 
5-278  +0-682 21 Dee es 12-69 1-43 22-478 290-75 0-65 


+4-023 —0-703 SY lls 24:89 —1-44 2A-195°49-292:9325 0-74 
2-654 2-042 23 5.0% iat 37-08 1-46 24-881 294-68 0-82 
+ 1-250 3-286 24 58 Gl 49-27 1-47 24-555 296-24 = 0-89 
= OA2s 4-389 25 470 1 61-46 1-48 23-241 298-18 0-94 
1-413 S07 26 oe bl 73-64 1-49 20-969 302-49 = 0-98 
LCC Me SSO if he NN) Sa°32i == 149 M784" = 321250— 0:99 
3-612 6-424 28 2415 98-00 1-50 13-760 Spysy) 1-00 
4-485 6-561 2OR= Mie 14 110-19 1-50 9-017 81:78 0-98 


5:197 6-391 29 0 14 122-87 1-51 Sify 84-66 0-94 
5:742 5-909 YY) O00 15 134-56 1-51 358-147 83-22'' 0-89 


=—6:109 =5-125 S20 eG Movs S1-5i 352-555 80-30 = 0-82 
+6:279 —4-063 SS ae lw) 158-9505 Sasi 347-282 76:88 0-73 


D12 


Date 


0° TDT 


May 


June 


July 


17 
18 
19 
20 
21 


30 


w 
CNA NWN = 


=) 


Apparent 
Long. Lat. 
298-62 +3-12 
Sil-87 h-- 213 
325-39 We 0-99 
339-21 50-22 
353-35 Ole 245 

7-19 = 2-61 
22-50 %}—8-6l 
37-38 —4-39 
52:30 —4-86 
GFA a 5:01 
81-68 —4-82 
95-87 —4-34 

109-63 (=3+62 
PRIS «ys EPL 
135-79 [4-170 
148-28 —0-63 
160-46 +0-44 
172-44 +1-48 
184-29 +2-44 
196-10 +3-29 
207-96 +4-00 
219-92 +4-55 
232-03 +4-89 
244-33 +5-01 
256-83 +4-90 
269:54 +4-55 
282:45 +3-95 
295-550 + sald 
308-84 +2-15 
322-32 1 d-02 
335-98 ie 0-13 
349-83 = 1739 

3-89 —2:54 
18-13 10 =3:54 
B2-S2A0— 4233 
47-02. —4-85 
61:54 —5-06 
75:96 —4-94 
90:20 —4-52 

104-14 —3-83 
1d -73ta=2-94 
130-9399 =1291 
143-76 —0-81 
156-24 +0-30 
168-45 +1-38 
180-45 +2-38 
L92-33eec O20 


MOON, 1998 


FOR 0° DYNAMICAL TIME 


Apparent 
Dec. 


R.A. 


21 49 15-2 
22 43 30:3 
233] Sif 


0 32 44-9 
1628" 383 
2925 S47] 
3 24 41-0 
4 24 38-7 
5 25. 01-9 
6 24 46-1 
7 22 46-2 
83 15-5 
9 10 54-8 


10 00 51-7 
10 48 32-2 
11 34 33-4 
12 19 36-9 
13 04 25-0 


13 49 38-2 
14 35 53-1 
15-23 39:3 
16 13 16-2 
17 04 48-6 


17 58 04-2 
18 52 34-4 
19 47 40-6 
20 42 44-8 
21 37 20-4 


22 31 18-6 
23 24 49-4 
18 17-6 
12 16-5 
07 19-6 


03 51-1 
01 56-0 
01 12:1 
49-6 
59 42-4 


56 47-5 
51 22-4 
43 12-7 
32 29:3 
19 40-7 


12 05 25-6 
12 50 26:8 


Psewomr7y ADNAFW NK OS 
> 
i=) 


—a— 


True 
Dist. 


60-262 
59-597 
58-916 
58-251 
57-645 


57-151 
56-821 
56-703 
56-827 
57-196 


57-789 
58-557 
59-435 
60-349 
61-229 


62-013 
62-654 
63-120 
63-398 
63-486 


63-400 
63-161 
62-801 
62-351 
61-843 


61-307 
60-763 
60-229 
59-712 
59-220 


58-758 
58-338 
57-974 
57-691 
57-517 


57-483 
57-613 
57-921 
58-402 
59-032 


59-768 
60-557 
61-338 
62-051 
62-645 


63-078 
63-323 


Horiz. 
Parallax 


ai 
57 


60 


54 
54 


” 


02-93 
41-15 
21-16 
01-13 
38-35 


09-32 
30-27 
37-82 
29-91 
06-44 


29-44 
42-62 
50-61 
58-04 
08-92 


26-32 
D229 
PF fe 
13-65 
09-09 


13-52 
25-81 
44-57 
08-28 
35-42 


04-61 
34-71 
04-86 
34-50 
03-21 


30-56 
55-88 
18-07 
35°55 
46-35 


48-48 
40-34 
21-30 
51-97 
14-30 


31-23 
46-27 
02-90 
24-24 
52-74 


30-15 
17-49 


Semi- 
diameter 


, ” 


15 32-69 
15 43-10 
15 54-00 
16 04-89 
16 15-03 


16 23-47 
16 29-18 
16 31-23 
16 29-08 
16 22-69 


16 12-60 
15759-85 
15 45-68 
15-31-35 
15°17-97 


15 06-36 
14 57-09 
14 50-46 
14 46-56 
14 45-32 


14 46-53 
14 49-88 
14 54-99 
15 01-45 
15 08-84 


15 16-80 
15 25-00 
15333>21 
15 41-29 
1S 49-11 


15 56-56 
16 03-46 
16 09-51 
16 14-27 
16 17-21 


16)17-79 
16 15-57 
16 10-39 
16 02-40 
15 52-13 


15 40-40 
15 28-15 
15 16-33 
15 05-80 
14 57-21 


14 51-06 
14 47-61 


Ephemeris Transit 
for date 


Upper 


h 
04-5317 
05-4055 
06-2761 
07-1449 
08-0177 


08-9033 
09-8106 
10-7453 
11-7065 
12-6840 


13-6591 
14-6102 
15-5190 
16-3764 
17-1824 


17-9439 
18-6722 
19-3802 
20-0810 
20-7875 


Pes 3 
22-2620 
23-0462 
23-8659 


00-7173 
01-5914 
02-4758 
03-3585 
04-2317 


05-0936 
05-9483 
06-8046 
07-6734 
08-5649 


09-4853 
10-4330 
11-3970 
12-3583 
13-2949 


14-1899 
15-0347 
15-8304 
16-5844 
17-3082 


18-0151 
18-7186 


Lower 


h 
16-9689 
17-8413 
18-7104 
19-5803 
20-4583 


21-3538 
22-2744 
23-2230 


00-1942 
01-1732 
02-1390 
03-0707 


03-9544 
04-7855 


05-5681 
06-3115 
07-0279 
07-7306 
08-4328 


09-1465 
09-8828 
10-6497 
11-4517 
12-2881 


13-4522 
14-0331 
14-9180 
15-7966 
16-6639 


17- S216 
18-3756 
19-2367 
20-1158 
21-0214 


21-9562 
22-9140 
23-8794 


00-8309 
01-7484 
02-6187 
03-4383 


04-2119 
04-9493 


05-6629 
06-3665 


MOON, 1998 DiS 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 


Date The Earth’s Physical The Sun’s Position Angle Frac- 
: Age Selenographic Libration Selenographic Bright tion 
as De Long. Lat. [Eom bi k-Aa Colona, kat. Axis Limb — Illum. 


; : (02001) : ’ 5 3 
May 2l7 (220-5) =6:279; —24-063u2 —29)4)2 417) (158-9525 —0-5] 947:282. 4.688) 0-73 
18 21-5 6-224. 2765 OS fa3 GUISE | 171-15.08 MS 3426490. ee -eed7 «0-63 
19 22-5 5-910 —1-286 27 19 183-36 1-51 338-944 70-40 0-52 
20 23-5 5-300 +0-300 25 19 195-57.» 1-51 336-405 67-89 0-41 
21. 0) 24-5 4-371 1-902 24 20% © 207-8001 #l-5% 335-215 6166-04 = 0-30 


2, Se25-5 —SSIQS5E 3 -AN/ =e 220-03 —1:52 335-493 64-82 0-20 
23 1526-5 — 1-601 4-732 20 20) 232-26 15%, 337-291 63-92-98 (0-1 
24, 2H 27-5) +0-114 5-741 18 20. = .244-S0 1:52 340-565 62:08 0-05 
2528-5: 1-890 6-363 WW) 198 4256-5 1-53. 345-155 52:52 0-01 


rFNwWHA HE BW 
+ 
NO 
S 


26 0-2 3-568 6-551 See 


27 EY 1342993) -+76-30802 145 e= 
28 DD 6-039 5-678 14 
29 Be? 6-630 4-730 13 
30 4-2 6-745 3-552 18 


19 268-99 1-53. 350-761 %4323-68 ay 0-00 


HIS A281-245% =1-58 1356-95981 282-71. 0-02 
We 2293-49 1-54 37250 £n280-12, 69 0:07 
15% 805-73 1-54 S181 Va282-08. 85 0:13 
125 8317-97) 1-54 14-368 284-99 0-21 


DNDDA DW nN WN 
= 
WwW 


31 SZ 6-411 2-226 13 330-20 iT65y5} 1S S8Seezocc/ an 0:30) 
June 1 6-2 +5-690 +0-828 Sh One Wn 342-408 al 55 21-737 290-33 at 0:40 
2 fed 4-666 —0-575 14 1] 354-65 1-55 23-793 292-24 0-49 
3 8-2 3-433 1-929 14 11 6-87 ESS 24-780 89 293-56 8% 0:59 
4 92 2-086 3-185 15 10 19-08 1°55 24-734 294-31 0-68 
5, fe 102 +0-713 4-300 15 6 610 31-29 1-55 23-690 * 294-56." 0-77 
6. Bodie? aUFOGOR | 5-282 = Say alll 43-49, —1-54 21-683 294-44 00-84 
pane 8 ioe) 1-807 5-942 iy 5, Pe til 55-69 1-54 18-750 294-26 0-90 
Si Geis 2) 2-845 6-395 17 4 ef i2 67-88 1-53 14-947 294-94 (0-95 
9 14-2 3-691 6-560 18 318 80-07 1-52 10-368 =300-13 0-98 
10 = 15-2 4-333 6-415 18 Sie 14) 92-26 1-51 5-165 342-23 1-00 
11 16-2 ee 4e7 IAL 5-953 = Ihe Sil) 104-45  —1-50 359-568 65-2098 0:99 
12 Wie2 5-024 5-181 18 1, i£15 116-64 1:49 = 353-876 74:92 0:96 
13 18-2 5-096 4-125 Wp le Val 128-84 1-48 = 348-434 14-97 ee (0:92 
ka) FEEL 4-998 2-830 16 Ome ly 141-03 1:46 343-592 72-89% 0:85 
i507 9202 4-729 —1-358 Sects ie ks 153-24 1-45 339-656 10:52 (0:76 
16, 2162, —4-280 +0-212 a ae s Seilks; 165-44. —1-43 336-863 68-45 0-66 
M7, S222 3-636 1-793 12 Ze Ls 177-66 1:42. (385-375 66:99 = 0-55 
13,4523) 2-785 3-289 11 2. He Us 189-88 1-41 335-286 66:29 = 0-44 
19 24-2 1-731 4-602 y Deelse w202- 14 1:40 336-631 66-41 0-33 
20, 25-2 — 0-499 5-638 W 1 18 214-34 1-39) 8389-383, on27m (O22 
2126-2 +0-851 +6-320 Gwe Jot Ie B1226;593) =1-83; 95432438 68:60 0-13 
22 Wi e2 2-228 6-597 4 OWN 176 41238:33 1:37. 348-588 69-57 0-06 
DB. eo) 3-518 6-452 Cie, WIC lG) Fail 0s 1:36 = 354-508 66:80 0-02 
24 29-2 4-605 5-907 2 Delis) 8E263-34 1-35 0-769 2a e000 
25 0-8 5-388 5-017 2 4.06 135 1)275:59 1-34 6-896 295-07 0-01 
26 1-8 307/98) 737859 = = SIs) 28)84Ge 91.38 12-455 287-93 0-04 


yea! 300-09 1-32 I7-129RR 283-3089 0:09 
OF) 10) ) 31234 12311 20-1308) 289-9584 0-16 


27 2:8 5-807 22 
28 3-8 5-428 +1-090 


1 
1 
1 
1 
30 5:8 3-698 Wake 2 
2 
2 


29 4-8 4-702, =0859 6 10 324-58 1-30 23-211 291-48 0-24 

6 OF 773367531 1-29 24-566 292-57 0:33 

July 1 6-8 +2:497 —3-065 = = Oe os £1349: 0458 31-28 24-845 293-10 0-43 
2 78 Asie =A222 = = @ qe Lie 1a, 24-102 293-01 0-52 


D14 MOON, 1998 


FOR 0" DYNAMICAL TIME 


Date Apparent Apparent True Horiz. Semi- Penne Sa 
0" TDT Long. Lat. R.A. Dec. Dist. Parallax — diameter Upper Lower 
° ° h om s ey , ” q ” h ; h 
July 1 180-45 +2-38 12 05 25-6 + 20004 63-078 54 30-15 14 51-06 18-0151 05-6629 
2 192-33 +3-26 12 50 26-8 — 15203 63-323 5417-49 14 47-61 18-7186 06-3665 
3 204-18 +4-01 13 35 27:5 — 5 3851 63-369 54 15-13 14 46:97 19-4320 07-0733 
4 216:07 +4-58 14 21 09-6 -— 91307 63-219 54 22-82 14 49-06 20-1672 07-7962 
5 228-09 +4-96 15 08 10-2 -—12 27 06 62-893 54 39-74 14 53-67 20-9340 08-5461 
6 240-30 +5-12 15 56 58-8 -—15 12 17 62-421 55 04-55 15 00-43 21-7387 09-3314 
7 252:74 +5-04 16 47 52-6 -17 1915 61-842 55 35-47 15 08-86 22-5821 10-1558 
8 265-45 +4-72 17 40 51-3 —18 38 30 61-203 56 10-31 15 18-35 23-4583 11-0167 
9 278-43 +4-15 18 35 34-8 —19 01 42 60-550 56 46-67 15 28-26 PEt 11-9052 
10 90291-67 13734 «19-31 25S" P=18 23122 1 59-926 57122418 157937293 00°3556 12-8075 
11) 305-14 922-34 820-27 37-6. =16 42131 | 59:365- 5754-71" I5"46-"79 01-2593 “13-7093 
12 318-83 +1-18 21 23 29-9 -—14 03 16 58-891 58 22-65 15 54-41 02-1563 14-5997 
13. 332-67 —0-06 22 18 37-2 —10 34 29 58-517 58 45-05 16 00-51 03-0391 15-4746 
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16 14-88 —3-53 1 00 14-8 + 2 3615 57-977 59 17:86 16 09-45 05-6235 18-0560 
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26 =151-:79 +0:02 10 15 12-6 +1051 10 61-708 55 42:77 15 10-84 14-4709 02-0867 
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29 «188-35 +3:14 12 35 38:3) — 0 25 36 63-170 54 25:39 14 49-76 16-6397 04-2870 
30 =200-24 +3:94 13 20 42:6 — 41531 63-363 54 15:42 14 47-05 17-3473 04-9926 
31 212710 +4-57 14 06 01:8 — 7 54 37 63-364 54 15:37. 14 47-03 =: 18-0680 =05-7053 
Aug. 1 224-00 +5-00 14 52 14-9 —11 15 38 63-165 54 25-64 14 49-83 18-8132 06-4369 
2 236:04 +5:22 15 39 56:8 -—14 10 56 62-773 54 46:04 1455-39 19-5922 07-1981 
3 248-28 +5:21 16 29 34-0 -—16 32 06 62-211 55 15-71 15 03-47 20-4103 07-9962 
4 260:79 +4:96 17 21 20:2 -—18 1007 61-518 55 53:09 15 13-66 21-2674 08-8342 
5 273-60 +4:-46 18 15 11:9 —18 56 04 60-742 56 35-89 15 25:32 22-1573 09-7089 
6 286-76 +3-71 19 10 45-8 —18 42 30 59-944 57 21-11 15 37:64 23-0678 10-6108 
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11) 356-88. —2:27 =23 52 08:6 — 3 19 27. 57-474 59 49-04 16 17:94 02-6802 15-1200 
12 11-33 —3:39 0 46 58:2 + 121 49 57-474 59 49-01 1617-94 03-5589 15-9979 
13 25-58 t= a9 141 46:3) + 5 57 12 57-623 59 39-73 16 15:41 04-4383 16-8808 
14 40-08 -—4-92 2 36 58-6 +10 10 02 57-890 59 23:20 16 10-90 05-3264 17-7756 
15 54:27 —5:24 3 32 53-3. +13 45 15 58-245 59 01-51 1605-00 06-2284 18-6848 
16 = 68-28 —-5-24— 4 29 34:0 +16 30 17 58-661 58 36-42 15 58-16 07-1440 19-6051 
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EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" DYNAMICAL TIME 
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MOON, 1998 


FOR 0" DYNAMICAL TIME 


Apparent Apparent True Horiz. 
Long. Lat. Ree Dec. Dist. Parallax 


° h Oi ate ' " 

68:28 —5-24 4 29 34:0 +16 30 17 58-661 58 36-42 

82:08 —4-95 5/26) 45-Se es 15) 50) 59-119) 5850917, 

95°67 ©6=4:37 6 23 54-6 +18 56 49 59-608 57 40-54 

1109-03 1i=—3-57 20) 18-2090 18) 35803) © 60-121 ST e- 00 

122-16 t= 259 8 15 14:6 +17 09 04 60-653 56 40-90 
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135-05 ails 0) 08 14:7 +1453 18 61-196 56 10-72 
147-72 ~ =0:35 9°59) 07 2a Ul 50827 61-786 ~~ S5h41-20 
160°16¥8+0°80 l0¥47 58-208 8 30701 © 62-255" S5013-59 
172-41 +1-90 11 35 07-4 + 4 45 09 62-724 54 48-62 
184-49 +2-89 12 21 03-5 + 05203 63-112 54 28-38 


196-44 +3-74 13 06 19-8 —-3 00:15 63-386 54 14-23 
208-30 +4-43 13 51 31:7 — 6 43 40 63-515 54 07-63 
220-15 +4-93 14 37 14-6 -—10 10 40 63-473 54 09-80 
232:04 +5:-22 15 24 01:2) —13 13156 63-242 54 21-65 
244:05 +5-28 16 12 19-9 —15 45 54 62-819 54 43-60 
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268-74 +4:70 17 54 40:7 —18 43 51 61-455 55 56-49 
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322-36 +084 21 37 45-6 -13 15 44 57-943 59 19-95 
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92-62 15=4:50 611 0335-3418 54 37 | 59-427 8 S7eST-04 
105°97 ie S27 > 7 07 25:9 +18 45 21 60-108 57 11-74 
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EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" DYNAMICAL TIME 


The Earth’s Physical The Sun’s Position Angle Frac- 
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FOR 0" DYNAMICAL TIME 


Date Apparent Apparent True Horiz. Semi- Pehemens hag 
0" TDT Long. Lat. R.A. Dec. Dist. Parallax diameter Upper Lower 
° ° h m Ss ° , " ’ " ’ ” h h 
Octs.o)1 (302-81 42:45 20.18..03-00 17 08.19 59-735 + 57 33:13~ 15)40-92 (20-3964 \07:9497 
2 316-35 +1:31 21 13 365 -—14 40 57 58-745 58 31:34 15 56-77 21-2960 08-8453 
3 330-35 +0-05 22 09 37-8 -—11 17 43 57-811 59 28-12 16 12-24 22-2019 09-7483 
4 344-81 -1-:24 23 05 58-8 — 7 07 44 57-013 60 18-03 16 25-84 23-1146 10-6573 
5 359-66 —2:-49 0 02 42:0 — 2 25 16 56-429 60 55-47 16 36-04 woe 11-5744 
6 14:78 63:58 <0159-58-0).F52 3h 01 156-117, 61 15784» 1674159 00-0373 12-5038 
7 30:02 —4-43 1:57 59-3, +27 19 36 56:103 61 16:73 16:41:83 00-9741 13-4485 
8 45:20 -—4:96 2 56 51-5 +11 38 42 56-382 60 58:54 16 36:88 01-9268 14-4083 
9 60:16 —S5-14 3 56 25-6 +15 09 05 56-914 60 24:36 16 27-57 02-8920 15-3765 
10 74:76 —4:98 4 56 13-8 +17 36 49 57-635 59 38-96 16 15-20 03-8601 16-3408 
11 88-94 —4-52 5 55 32:3 +18 54 40 58-474 58 47-62 1601-21 04-8165 17-2853 
12 £102267 68:81 6 53 32:0 +19 02 25 59-358 57 55-08 15 46:90 05-7455 18-1958 
13 Yylts396 per2291 7 49 32:1 +18 05 30 60-226 57 04:98 15 33-25 06-6351 19-0631 
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18 177-98 +2:38 11 56 22:1 + 25859 63-230 54 22:27 14 48-91 10-4887 22-8416 
19 189791 +3:26 12°41 32-6'i= 055 45 63-507 54 08:02 14 45:03 11-1936 23-5459 
20 © 201°79 +3:99 13 26 32-4. — 4 47.09 63-683 53 59:07 14 42-59 11-8997 
21) 213-64 +455 14 1151-7 — 8 2654 63-757 53 55:29 14 41:56 12-6158 00-2560 
22 «225-50 +4:91 14 57 56-9 —11 46 49 63-727 53 56:82 14 41:98 13-3494 00-9800 
23. 237-38 «=©+5:05 «15 45 08-8 —14 38 50 63-585 54 04:08 14 43:96 14-1058 01-7245 
24 249-32 +4:98 16 33 40-6 —16 55 09 63-319 54 17-68 14 47-66 14-8878 02-4936 
25 261-35 +4:-69 17 23 36:8 —18 28 32 62-921 54 38:31 14 53:28 15-6949 03-2884 
26 «273-52. +4:18 18 14 52:1 -19 12 40 62-382 55 06-61 15 00-99 16-5240 04-1070 
27. «285-89 +3:47 19 07 13-4 —19 02 44 61-705 55 42:92 15 10-89 17-3696 04-9451 
28 ©°298°53 2:57 20:00 23-27 (=17 5554 ‘60-901 56:27°05 15:22:91 18-2265 ‘05-7970 
29 311-50 +1-53 20 54 05-1 -15 5152 59-999 57 17-99 15 36:79 19-0906 06-6578 
30 «324-88 +0:36 21 48 09-1 -—12 53 16 59-043 58 13-64 15 51-95 19-9614 07-5251 
31 338-70 —0-86 22 42 35:33 — 9 0611 58-096 59 10-58 16 07-47 20-8418 08-4001 
Nov. 1 353-00 —2-07 23 37 35:2 — 4 40 30 57-234 60 04:10 16 22-05 21-7379 09-2874 
2 TES Vesorl7 0 33 28:8 + 0 09 34 56-536 60 48:57 16 34:16 22-6572 10-1942 
3 22:86 —4-08 1 30 39-0 + 5 05 36 56-078 61 18:40 16 42:29 23-6054 11-1275 
4 38:18 —4-71 2°29 23-00 sO9 45 58 55-912 61 29:29- 164526 sEQ 12-0908 
5 53:52. —-5:00 3 29 41-0 +13 48 08 56-061 61 19:48 16 42-58 00-5830 13-0806 
6 68:70 —4-94 4 31 07-1 +16 52 13 56:510 60 50-27 16 34-63 01-5816 14-0835 
7 83:54 —4:54 5 32 48-0 +18 44 43 57-208 60 05:70 16 22:48 02-5835 15-0785 
8 97:93 -3:86 6 33 33-7 +19 20 48 58-084 59 11:32 1607-67 03-5656 16-0425 
9 PPIMMES2 Fe=2797/ 7 32 17-9 +18 44 11 59-055 58 12:95 15 51-76 04-5073 16-9586 
10 07125-21 ) p1-94 8 28 16-6 +17 04 40 60-040 57 15-62 15 36:14 05-3960 17-8194 
Ad PelS8i15 oe=0;85 9 21 15-2 +14 3453 60-972 56 23-09 15 21-83 06-2294 18-6269 
12. 150-71 +0:26 10 11 25-6 +11 27 39 61-800 55 37-79 15 09-49 07-0131 19-3894 
13. 162:98 = +1-32 1059 16:5 + 75432 62-489 55 00-94 14 59-45 07-7574 20-1187 
14. 175-03 +2:31 11 45 25-9 + 405 39 63-025 54 32-88 14 51-80 08-4748 20-8275 
15 186:95 +3-18 12 30 34-3 + 009 49 63-404 54 13-31 14 46:47 09-1781 21-5282 
16 198-81 +3-91 13 15 21-3. — 3 44 51 63-634 54 01:56 14 43-27 09-8792 22-2324 
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MOON, 1998 Lo 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 


The Earth’s Physical The Sun’s Position Angle Frac- 
Selenographic Libration Selenographic Bright tion 
Long. Lat. Ito ts REAS iColong. Wat: Axis Limb — Illum. 

° ° (0°001) ° 


S=2i = e145 lOReron at lS 32°62 +0:93 345-594 258-12 >) 0-74 
6-879 1-659 20 4 14 44-79 0:96 341-201 253-71 0-81 
6-090 —0-026 20 15 56:96 0:99 337-832 249-43 0-89 
4-848 +1-656 22 15 69-12 1-01 335-772 ~244-67 + 0-95 
3-206 3-270 23 15 81-28 1:04 335-226 234-89 0-99 


4 

4 

4 
—1-270 +4-684 +25 — 4 +15 93-44 +1-07 336-295 125-31 1-00 
+ 0-807 5-774 26 Seale 105-60 1-09 338-947 84-30 0-98 
2-845 6-453 27 6 614 117-75 1s 343-019 81-66 0-93 
4-667 6-678 28 tt 129-91 1-14 348-217 83-35 0-85 
6-136 6-459 29 OZ 142-08 1:16 354-143 86-78 0-76 


+7:165  +5-845 +29) 2310) S10 154-259) ls 0-345 91-07 8 0:66 
7-726 4-908 29 Nel] 9 166-43 1-20 6-378 9550S am O55 
7-838 3-731 DS APY i 178-61 1-2] 11-863 100-22 0-44 
7-552 2-395 BI ALS) 190-81 1-23 16-528 104-44 390-34 
6-937) +0:973 28 «14 203-00 i-25 20-205 108-21 0-25 


6 
5) 
+6:067  —0-465 eA ae 215-201 l-26 22°S16 9 Tis 5 8 Osi 
5-012 1-859 26, vel5 3 227-41 127 24-343 114-67 ~=0-10 
3-830 8-152 PIS ANS) SG 1-29 24-802 118-22 0-05 
D2edTa 4-295 24 «14 BL Bayllcte3s) 1-30 24-230 124-66 0-02 
le 5-244 23 «14 3 264-04 tesa 22-678 © 152758 0-00 
4 

5) 

6 

7 

8 


02036; =5-963 ieee 276:268 41°32 20-207 253-68 0-00 
1338 6-424 AVS als) 288-47 1-34 16-892 271-02 0-02 
2-598 6-608 lite | AZ 300-68 1-35 12-830 273-40 0-06 
3-806 6-505 1 Is 312-88 1-36 8-148 272-31 0-11 
4-925 6-115 ley a0 325-08 1-36 3-01 9269-69 9 0-18 


—5-912 —5-444 ool ee Son 2S -Eil-37, 135 O26mre 266-22 28 0-26 
6-713 4-509 14 8 10 349-47 1:38 8352-245, 6202-29 Se 0°35 
7-263 3-336 14 11 1-65 1-40 347-147 258-22 380-45 
7-491 1-964 14 12 13-83 1-41 342-628 254-26 0-55 
7-326 —0-444 14 12 26-00 1-42 4338-977" 250-63 ©) 0-66 


7 
6 
6 
= 6:70) tao 35 3) =) 3) aeahs 38-161) 1-43 9336-455 51247-43 62 0-76 
5-618 2-123 16 > B113 50-31 1-45 335-283 244-62 0-85 
4-065 4-162 17 5) Gels 62-46 1:46 335-621 241-65 0-93 
2s 5-345 18 6 mele 74-60 1-47 9337-341 9235-69 FF 0:98 
+ 0-036 6-162 19 (oy 1 WZ 86-74 1:49 341-001 =—-:195-61 1-00 

7 


e246)  16-58600° 20" / Sell 98:88 +1-50 345-813 99-76) am 0-99 
4-289 6-443 21 Se 10 111-02 IIpeuil 351-632 OI 62imem 0-95 
5-987 5913 22d 9 IPS SIy/ V5 357986 92:84 0-89 


7-216 5-018 22 eli if ISS 3 i352 4-351 96:29 0-80 
7-923 3-850 2p al) 6 147-47 ilasv2 10-247. 100-34 = 0-71 
+8-116 +2-507 22S 4a DS 159°63) 4l"55 15-317. 104-30 = 0-61 
7-848 = +1-075 21 14 3 171-79 53 19-853— MOM Sem 050 
TOO = 0369 ile Pals 2 183-96 53 22-270 110-78 0-40 
6-258 1:762 20415 y, 196-14 1-54 24-065 touts 13 9 0:31 
5-114 3-051 iN) Dial) DE R208 33 1-54 24-771 114-94 0-22 
+3:846 —4:190. +17 -15 +2 22051 +1-34 24-440 11638 0-15 
HeD-522, =o 4000 1G =15 Se 22 0232:711 F154 23123 9 117-81 0-09 
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Long. 


198-81 
210-64 
222-50 
234-41 
246-38 


258-45 
270-63 
282-93 
295-41 
308-09 


321-05 
334-32 
347-97 
2:03 
16-49 


31-31 
46-39 
61-58 
76-68 
91-55 


106-02 
120-03 
133°55 
146-61 
159-25 


171-56 
183-63 
195-55 
207.39 
219-23 


2112 
243-10 
Doe 2 
267-46 
279-87 


292-43 
305-17 
318-10 
331-23 
344-60 


358-23 
1215; 
26:35 
40-81 
55-47 


70-22 
84-96 


Lat. 


arene 
+4-47 
+ 4-83 
+4-98 
+4-92 


+4-63 
+4-13 
+3-43 
+2-56 
+1-54 


+0-43 
—0-74 
— 1-90 
=2-98 
—3-90 


~4.58 
— 4.96 
— 4.99 
—4-67 
— 4-04 


—3A16 
er el2 
—0-98 
+0-17 
+1-28 


+2:-30 
+3-20 
+3-94 
+4-51 
+4-88 


+5-05 
+4-99 
+ 4-72 
+4-22 
3°51 


42-62 
+159 
+0-46 
= O57 
= 187 


=2:95 
—3-88 
—4-59 
= 5102 
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MOON, 1998 


FOR 0" DYNAMICAL TIME 


Apparent 
R.A. Dec. 
m s ° / 
tS 21-3) 3 44 

00/2325) te oi 30 
46 12:0 —10 59 
33) 1d t= 14) 02 
2) 35-45: t= 165 3 
sea 1S) 19 
02°38-7) “=19) 18 
54 48-1 —19 23 
47 30-7 —18 32 
40 22:9 —16 45 
33 10-6 —14 04 
25, Sone LOOSE 
18 44-3. — 6 30 
12) 10: Fe tiaee le 55 
06 46-2 + 2 52 
OF O50 tars 3H 
OL 30:2). 11 59 
02 O1-Oe P45) 35 
04 05-5 +18 07 
06 32-4 +19 23 
07 56:0 +19 20 
06 58-9 +18 04 
02 54:8 +15 48 
55 34:2 +12 48 
45 16:4 + 9 17 
32) 38°40 Te 5: 27 
18 24-9 + 1 29 
03, 22.0 *= 2,29 
48 13-5) '= 6 19 
B32 3932 hi= 9556 
20 11:8) 4-13. 09 
08 14-6 —15 52 
57, 58:0; +17. 55 
49 16:9 —19 

41 50:2 —-19 34 
85, 0638 a= 18558 
28529 Gp Ima 25 
Dis 33:0)8 = Ae Si 
14, 05:5, *410,42 
06 11-25 "= 7 47 
58y 1227 3224 
50 44:2 + 1 13 
44 25:5 + 5 53 
39 54-1.0+10 17 
37 33-9 +14 08 
S122: Ota) 7 Or, 
38 43-6 +18 59 


True 
Dist. 


63-634 
63-728 
63-702 
63-571 
63-345 


63-030 
62-628 
62-138 
61-557 
60-890 


60-146 
59-349 
58-535 
57-759 
57-082 


56-575 
56-299 
56-296 
56-580 
S718 


57-900 
58-815 
59-794 
60-759 
61-642 


62-391 
62-971 
63-366 
63-575 
63-610 


63-493 
63-250 
62-909 
62-496 
62-034 


61-536 
61-013 
60-468 
59-905 
59-331 


58-758 
58-210 
57-720 
31-333 
57-093 


57-043 
57:21] 


Horiz. 
Parallax 


60 
60 


” 


01-56 
56-77 
58-09 
04-78 
16-36 


32-62 
53-62 
19-62 
50-92 
27-66 


09-56 
55-65 
43-94 
31-33 
13-64 


46-04 
03-95 
04-16 
45-75 
10-54 


22-59 
27-19 
29-75 
34-94 
46-31 


06-16 
35-69 
15:27 
04-56 
02-76 


08-75 
Zs25 
38-93 
00-58 
25-20 


52-09 
20-85 
es 
23-35 
56:68 


30-58 
03:65 
33-70 
57-87 
12:97 


16-13 
05-55 


Semi- 
diameter 


14 
14 
14 
14 
14 


14 
14 
15 
15 
15 


15 
15 
16 
16 
16 


16 
16 
16 
16 
16 


16 
15 
15 
15 
15 


15 
14 
14 
14 
14 


14 
14 
14 
14 
15 


15 
15 
15 
15 
15 


15 
16 
16 
16 
16 


16 
16 


" 


43-27 
41-97 
42-32 
44-15 
47-30 


Slz78 
57-45 
04-54 
13-07 
23-08 


34-49 
47-05 
00-21 
£3712 
24-65 


33-47 
38-35 
38-41 
33-39 
23-80 


10-74 
55-64 
39-99 
25-06 
11-81 


00-87 
52:57 
47-01 
44-09 
43-60 


45-23 
48-64 
53-45 
59-35 
06-06 


13-38 
21-22 
29:52 
38-25 
47-33 


56:57 
05:58 
13-76 
20-35 
24-46 


25238 
22-44 


Ephemeris Transit 
for date 


Upper 


h 
09-8792 
10-5890 
11-3165 
12-0679 
12-8462 


13-6503 
14-4754 
15-3138 
16-1576 
17-0010 


17-8425 
18-6851 
19-5366 
20-4073 
21-3086 


22-2486 
23-2284 


00-2375 
01-2536 
02-2484 
03-1974 
04-0874 
04-9172 
05-6947 


06-4326 
07-1452 
07-8469 
08-5510 
09-2693 


10-0110 
10-7821 
11-5838 
12-4123 
13-2588 


14-1125 
14-9631 
15-8048 
16-6371 
17-4656 


18-3003 
19-1535 
20-0377 
20-9618 
21-9268 


229219 
23-9247 


Lower 


h 
22-2324 
22-9501 
23-6889 


00-4536 
01-2452 
02-0607 
02-8934 


03-7355 
04-5796 


05-4219 
06-2633 
07-1091 
07-9688 
08-8535 


09-7735 
10-7339 
11-7304 
12-7464 
13-7554 


14-7298 
15-6501 
16-5095 
17-3118 
18-0677 


18-7911 
19-4966 
20-1979 
20-9077 
21-6368 


22:3927 
23° 1793 
23-9952 


00-8340 
01-6855 
02-5387 
03-3852 


04-2219 
05-0513 


05-8814 
06-7237 
07-5910 
08-4945 
09-4396 


10-4218 
11-4241 


MOON, 1998 D21 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" DYNAMICAL TIME 


Date The Earth’s Physical The Sun’s Position Angle Frac- 

Age Selenographic Libration Selenographic Bright tion 

0’ TDT Long. Lat. eee otwnbeA ee Colone. ma laty Axis Limb Illum. 
d ° ° (0°001) ° ° 0 ° 

Nov. 169)* 26-6" + 2:522—S:1406 Flows: ci2 232 7 54 23289 117281" 7009 

17 27-6 + 1-193 5-865 lsy als) 2 244-90 1-54 20-877. 120-21 ~—0-04 

18 28:6 —0-104 6-338 sy ae Sa 25710 1-54 17-7 GOneen 1277-5 0-011 

19 29-6 1-343 6-536 ibe 413} 4 269-30 1-54 13-871 171-56 0-00 

20 0-8 2:511 6-448 LOR 1S 5 281-50 1-54 9-309 250-98 0-01 

21 TAS SSPE SOUS SE Oe Sissies DSHS abilesy! 4-240 262:30 0-03 

22 2:8 4-579 5-417 Tee alll 7  silbes} 1-54 358-875 =262:94" 0-07 

23 3-8 5-444 4-502 one -10 8 318-08 1-53. 353-471 =. 260-84 = 0-13 

24 4-8 6-156 3-361 6 9 9°), 33026 i535 348315 257-717 a0>2i 

25 5:8 6-669 2-034 5 9 10 342-44 1:52. 343-696 254-45 ~— 0-29 

26 Oxeiny lL pe UEN Msp eet) se ily, SEY Eis eceilsS Soh Oee ASS xi) 

27 78 6-863 +0-952 5 i. ett 6:78 1:52. 337-094 248-61 = 0-50 

28 8-8 6-422 2-466 5 aul 18-94 1-52. 335-527 246-53 = 0-61 

29 9-8 5-561 3-875 6 @) ib 31-09 LS S3 52922451) ees 2 

30 =: 108 4-275 5-078 7 6 10 43-23 151 336-574 9244-41 ~— 0-81 

Dec ESS Ol Oe Wee eet LO) 55:57) tol 339 -S 243-96) 0-90 

12-8  —0-674 6-469 8 7 9 67-50 1:50 343-463 242-32 0-96 

1858 e374 6-514 9 8 79-63 1-50) 9 348-8259 2229-98h 0-99 

14-8 3-344 6-103 9 9 91-76 1:49 355-026 127-03 1-00 

15-8 5-052 5-282 10 10 103-89 1-48 12562" 102-27 ~~ 0-97 


+6:355, 9264-136 .),4+10 
17-8 7-174 2-770 10 
18-8 7-487 +1-290 10 
19-8 UBL SUPA 
20-8 6-760 1-658 


21:8 i Omeiee 2-991 3° 
4-750 4-163 
1351) 23:8 3-489 sil 838) 
14 24-8 2-166 5-886 
[by 268! + 0-849 6-381 


16 §=26°8 —0-409 —6-602 + 
7s 27-8 1-570 6:536 
18 28-8 2-60 6-176 = 
19 0-1 S17) 5-530 
20 ilsil 4-283 4-614 


21 Dat —4-901 —3-463 = 
22 Syl 5-362 2123 
23 4-1 5-646 —0-652 
24 ail 5-725 +0-878 
25 6-1 5-565 2-388 


26 Aa Sasi 5°798 = 
27 8-1 4-397 5-005 
28 Chil 3-358 5-936 
29) F110 2-044 6-509 
Si) Sela = 072 6-666 


Sie el +1-098 +6:383 — 
S2e eel +2-682 +5-678 — 


116:02. +1-47 eSiom el 01-65) 0292 
128-15 1-46 13-482 104-17 0-85 
140-29 1-44 18-059) 107-165 0-77 
152-43 1-43 21-453 109-85 0-67 
164-59 1-42 23-640) 111-95," 0:57 


176-74 +1-41 24-668 113-39 0-48 
188-91 1-40 24-611 114-19 0-38 
201-08 1:39 23: S40RS 1142377 80°29 
DN3<25 1-38 21:540 114-04 0-21 
225-43 1-36 18-658 113-34 0-14 


PEIKOIN apes) 14 O7 1 l/r 0-08 
249-80 1-34 ORS NB eit 0-04 
261-99 1233 DOD Sie S/S een AU 
274-18 1-31 0-244 189-19 0-00 
286-37 1:30 354-767 249-77 0-01 


298:56 +1:28 349-468 254-76 0-04 
310-74 1:26 344-661 253-85 0-09 
32292 1:25 340-633 251-73 0-16 
335-10 1-23. 337-618 .249:57 0-25 
347-27 121 335:787 247-85 0-34 


359-43, +1-20 335-251 246-83 0-45 
11-59 1:18  336:075 246:63 0-56 
23710 1-16 338:277 247-31 0-67 
35-88 1:14 341-822 248-84 0-78 
48-01. 1:12 346-587 251-00 0-87 


60:14 F110 352°332) 253-08 0:94 
12: i EOS 358;675) 252-19) 0-98 
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D22 MOON, 1998 


NOTES AND FORMULAE 


Use of the polynomial coefficients for the lunar coordinates 


On pages D23—D45 for each day of the year, the apparent right ascension (a) and 
declination (6) of the Moon are represented by economised polynomials of the fifth 
degree, and the horizontal parallax (7) is represented by an economised polynomial of 
the fourth degree. The formulae to be evaluated are of the form: 


ay + ap + arp” + asp + agp" + asp” 
where ds is zero for the parallax. 


The time-interval from 0° TDT is expressed as a fraction of a day to form the 
interpolation factor p, where 0 < p < 1, and the polynomial is evaluated directly, or by 
re-expressing it in the nested form: 


((((asp + a4)p + a3)p + a2)p + a1)p + ao 
to avoid the separate formation of the powers of p. Alternatively this nested form for 
a and 6 may be written as: 
Dit =O) Dat O51 JOLT = | 10D, 
where b; = as and bg is the required value. For the parallax as is zero, so that: 
bnii = bap + as_n, for n = 1 to 4, 
where b; = a4 and bs is the required value. 


The polynomial coefficients are expressed in decimals of a degree, even for a, and 
the signs are given on the right-hand sides of the coefficients to facilitate their use with 
small calculators. Subtract 360° from « if it exceeds 360°. In order to obtain the full 
precision of the polynomial ephemeris the interpolating factor p must be evaluated to 
8 decimal places (10~*s); estimates of the precision of unrounded interpolated values 
are: 

RA Dec HP 
+080003 +0003 +0‘0003 


Particular care must be taken to ensure that the coefficients are entered with the correct 
signs. 


Example. To calculate the apparent right ascension (a) the declination (6) and the 
horizontal parallax (7) for the Moon on 1998 January 21¢ 13" 23™ 48°32 UT, using an 
assumed value of AT = 64°. 


TDT = 13" 24™ 52832, hence p = 0:558 938 89 


right ascension declination horizontal parallax 
by —0-000 1836 +0-000 0340 —0-000 009 28 
by —0-000 9030 +0-000 8109 —0-000 028 63 
b3 +0:026 0379 +0-022 9942 +0-001 419 74 
b4 +0:198 5596 +0-163 2318 +0:006 961 12 
bs +11-723 6443 —3-320 2035 m = +0-913 616 98 


—10-445 6681 
—10° 26' 44°41 = 54! 49°021 


be a = 218-457 3003 t) 
Be 1433 4087 50 


ao 
ay 


a 
a 


Apparent 


Right Ascension 


297-1957 
14-5277 
314 

363 

28 

3 


311-6589 
14-3691 
1196 

215 

45 


325-8914 
14-0833 
1570 

$5) 

44 

D, 


339-8182 
13-7748 
1438 

115 

Sil 

3 


353-4635 
13-5327 
935 

208 

15 

3 


6-9248 
13-4128 
248 

238 


2 


20-3364 
13-4331 
436 


33-8323 
18°5 757 
946 

122 

28 

1 


728+ 
350+ 
514— 
19 
847+ 
429+ 


648+ 
238+ 
Ak 
564— 
708+ 
Love 


097+ 
000+ 
960— 
690— 
093+ 
459 — 


082+ 
081+ 
152 
666+ 
218+ 
169— 


726+ 
803+ 
I13— 
887+ 
166+ 
090— 


918+ 
534+ 
833 — 
769+ 
339— 
892— 


eYlay 
360+ 
484+ 
661+ 
962— 
632— 


068 + 
612-6 
301+ 
Oct 
543 — 
Gea 


Apparent 
Declination 


January. 0 


17-3421 176— 
1-7057 062+ 
5341 536+ 
154 110— 

43 878— 

2) 395-4 


January 1 
15-1218 172— 
2:7114 272+ 

4639 975+ 
50). 213— 
o20— 
3 077+ 


January 2 
SNS SM — 
3-5368 755+ 
3567 436+ 
399 886— 

ilsy SP 

2 426+ 


January 3 
8-1274 158- 
4-1254 039+ 

2298 961+ 
438 304— 
5 O98 
1 309+ 


January 4 
3-8161 551— 
4-4529 990+ 

976 709+ 
439 284— 
2 911+ 
478+ 


January 5 
0-6909 252+ 
4-5179 584+ 

318 949— 
422 987-— 
5 007+ 
267+ 


January 6 
5-1352 174+ 
4-3294 090+ 

1555 °259— 
400 066— 
6 108+ 
666+ 


January 7 
9-2697 733+ 
3-9011 187+ 

DAZ Sa 
368 557— 
9 380+ 
1 395+ 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Horizontal 
Parallax 


0-9776 1477+ 
0-0074 5938+ 
10 9216— 
5613 — 

1268+ 


3854+ 
5744+ 


1689+ 
1585+ 
11 3689— 
3804+ 

595+ 


3984+ 
7999 + 
9 8866— 
6174+ 

78+ 


9368 + 
0901 — 
8 0001— 
6430+ 

331— 


4566+ 
2938 
6 2/55— 
5032+ 

523 — 


3EMer 
5468 — 
5 0818— 
2849 + 

495 — 


9445+ 
0539— 
4 5174— 
822+ 
277- 


Apparent 


Right Ascension 


° 


47-5119 
13-7895 
1125 

8 

38 


61-4093 
13-9968 
870 

159 

38 


89-5711 
14-0540 
763 
334 


4 


103-5159 
13-8036 
1716 

287 

24 

2 


117-1218 
13-3849 
2409 

168 

35 


130-2527 
12-8670 
2698 

25 

35 

1 


142-8506 
12-3328 
2581 

98 

26 

1 


AT 
509+ 
516+ 
473— 
274— 

Pfr 


582+ 
190+ 
685+ 
769— 
324-— 
711+ 


075+ 
p82 
612+ 
812— 
194— 
752+ 


964+ 
298+ 
348 — 
152- 
517+ 
612+ 


891+ 
249+ 
527- 
182—- 
034+ 
444+ 


909 + 
975+ 
485— 
037- 
955+ 

67-— 


251+ 
366+ 
628— 
739— 
014+ 
541-— 


723+ 
239+ 
248 — 
730+ 
853+ 
829— 


Apparent 
Declination 


January 8 


12-8639 003+ 
32525 744+ 
3747 554— 
316 808—- 

16 557+ 

1 910+ 


January 9 
15-7118 852+ 
2-4155 985+ 
4579 478— 
RIS — 

20) 922+ 

1 600+ 


January 10 
17-6491 813+ 
1-4416 101+ 
5099) 299— 
ONS 27 

34 853+ 
289+ 


January 11 
18-5733 431+ 
0-4027 361+ 
S218: 279 = 

31 023+ 

36 238+ 
1393— 


January 12 
18-4608 381+ 
0-6178 150— 
4921 765— 
161 438+ 

28 870+ 

2 459- 


January 13 
17-3696 315+ 
1-5434 181— 
4288 880— 
252 317+ 

16 165+ 

2 456— 


January 14 
15-4239 279+ 
2-3202 604— 
3459 527— 
292 844+ 

3 706+ 

1 690— 


January 15 
12-7872 007+ 
2-9236 743— 

2575 655— 
DOISSISE 
4 711- 
1305 


Formula: Quantity in degrees = a +a:p + @p° + asp + asp’ + asp 
where p is the fraction of a day from 0" TDT. 


D23 


Horizontal 
Parallax 


° 


0-9752 
0-0054 


4277+ 
955s 
4275— 
S02— 
38+ 


0206+ 
8837 — 
4860— 
1335 
346+ 


6723+ 
7569 — 
SHU — 
1296+ 

555+ 


7887 + 
7695 — 
5886 — 
3567+ 

609+ 


8482+ 
6329 — 
1565 
6045 + 

509+ 


7141+ 
9288 — 
441 — 
8103+ 
304+ 


5820+ 
4645 — 
5616+ 
9319+ 

61+ 


6170+ 
Slay 
3871+ 
DSS IE 

161— 


D24 


Apparent 


Right Ascension 


a 154-9377 


a, 11-8560 
ar 2142 
as 188 
a4 17 
as 1 
a 166-5999 
a, 11-4902 
a2 1487 
a3 243 
a4 10 
as 1 
a 177-9667 
a 11-2693 
a 705 
a3 274 
ag 5 
as 

a 189-1933 
a, 11-2122 
a 141 
a 287 
a4 1 
as 

a 200-4485 
a, 11-3270 
az 1006 
a3 286 
a4 2, 
as il 
a 211-9044 
a, 11-6126 
a 1840 
a3 265 
a4 8 
as 1 
a 223-7267 
a, 12-0561 
a 2569 
a3 214 
a4 yf 
as 2 
a 236-0593 
a, 12-6263 
a, 3085 
a3 120 
a4 30 
as 2 


468+ 
205+ 
265— 
058+ 
513+ 
469— 


510+ 
561+ 
VAS 
688+ 
142+ 
004 — 


180+ 
742+ 
841— 
377+ 
177+ 
731— 


904+ 
244+ 
048+ 
754+ 
606+ 
774-— 


781+ 
149+ 
207+ 
210+ 
184-— 
167— 


996+ 
616+ 
060+ 
426+ 
004 — 
836— 


258+ 
811+ 
918+ 
709+ 
377— 
461—- 


859+ 
966+ 
085+ 
706+ 
25054 
320— 


Apparent 
Declination 


January 16 


9-6345 480+ 
3-3536 602— 
1737 266— 
265 617+ 

(3) ay — 

53+ 


January 17 
6:1329 044+ 
3-6246 964— 

989 2927— 
233 487+ 
7 846— 
Spe) a5 


January 18 
2-4318 987+ 
37593 673— 

630) 299 
207 847+ 
4 948— 
826+ 


January 19 
1-3361 260— 
3-7606 392 — 

271 828+ 
196 354+ 
ic Ve 
901+ 


January 20 
5-0499 296— 
3-6472 078— 

865 559+ 
202 378+ 
3'1893e3 
TZ 


January 21 
8-5898 772— 
3-4114 401— 

1503 794+ 
225 410+ 
7 919+ 
340+ 


January 22 
11-8275 709— 
3:0397 216— 

2230 971+ 
29 975+: 
9 833+ 
See 


January 23 
14-6172 678— 
2:5118 694— 

3064 597+ 
293 223-4 
1329-5 
IN teiY//—= 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


0-9041 
0:0022 
12 


0-9031 
0-0003 
13 


0-9050 
0-0032 
14 


0-9097 
0-0061 
14 


0-9172 
0-0089 
13 


Horizontal 
Parallax 


4218+ 
9462 — 
1506+ 
8892+ 

334— 


4819+ 
1114- 
6134+ 
7542+ 

461-— 


6920+ 
8066 — 
5960+ 
5693 + 

563 — 


9944+ 
8681+ 
9630+ 
3446+ 

664— 


1037+ 
5622+ 
5944+ 
it 
786 — 


2614+ 
6757+ 
3574+ 
2344— 

9238 = 


9672+ 
3159+ 
0933+ 
6068 — 
1060— 


6636+ 
Poot 
6355+ 
0349 — 
1110— 


Apparent 


Right Ascension 


249-0031 
13-2663 675+ 
3242 369+ 

22 443= 

42 706— 

537 


046+ 


262-5871 
13-8907 638+ 
2913 403+ 
196 653— 

45 845— 

DST er 


410+ 


276-7452 
14-3975 


824+ 
495+ 
2077 174+ 
349 617-— 
30 819— 
5 905+ 


291-3130 962+ 
14-6987 238+ 
902 648+ 

413 791— 
131+ 

5 977+ 


306-0613 
14-7581 


165+ 
537+ 
278 064— 
355 170— 
30 804+ 

2 964+ 


320-7595 
14-6097 


230-% 
892+ 
1129 180— 
204 378- 

45 233+ 
651i— 


335-2404 151+ 
14-3404 050+ 
1477 557— 
SIe21S= 

41 144+ 
2.802 = 


349-4337 
14-0505 


769+ 
846+ 
1352 459— 
104 994+ 
26 560+ 

3 342— 


Apparent 
Declination 


January 24 


16-7928 079— 
1-8089 812— 
3969 656+ 
303 197+ 

2 084— 

3) = 


January 25 
18-1750 351— 
0-9265, 393— 

4834 373+ 
262 316+ 
18 807— 
3 715- 

January 26 
18-5941 576— 
0-1096 514+ 

5471 222+ 
150 670+ 
38 147- 

2 459— 


January 27 
17-9263 777— 
1-2326 114+ 
5669 711+ 

24 985— 

50 765— 
220+ 


January 28 
16-1343 482— 
2-3388 651+ 

5292 423+ 
224 390— 
49 266— 
2 772+ 


January 29 
1352933) 291'= 
3°3117_ 139+ 

4351 483+ 
393 106— 
34 697— 
3 843+ 


January 30 
95888 630— 
4-0521 205+ 

3002 473+ 
493 740— 
IY 30, a 
3 340+ 


January 31 
5-2870 353— 
4-5001 611+ 

1464 655+ 
$21 055- 
1 787+ 
2 086+ 


Horizontal 


Parallax 


0-9397 
0-0130 


1-0038 
0-0022 
19 


1:0042 
0-0015 
17 


_ 


4111+ 
9798+ 
8694+ 
4869 — 

970— 


6765+ 
8694+ 
8404+ 
8858 — 

Se y)— 


4474+ 
6795+ 
1126-— 
1081— 

233+ 


9295+ 
2230+ 
2681 — 
0166— 
1182+ 


9860+ 
1104+ 
5841— 
2332 
1990+ 


1782+ 
1398+ 
9801 — 
7170— 
2301+ 


8509 + 
9501+ 
7606— 
2234+ 
1965+ 


4602+ 
1146— 
9367— 
0193+ 
1149+ 


Formula: Quantity in degrees = a +a:p + ap + asp’ + ayp* + asp* 
where p is the fraction of a day from 0° TDT. 


Apparent 
Right Ascension 


3-3619 
13-8205 
OF 
177 

9 

3 


17-1097 
13-6939 
350 
186 


44-4888 
13-7383 
430 

46 

Py 


58-2721 
13-8271 
399 

67 

30 

1 


72-1296 
13-8755 
30 

172 

pep) 

2 


85-9888 
13-8220 
596 

234 

7 

3 


99-7274 
13-6311 
1310 
230 

10 

2 


Apparent 
Declination 


February 1 


367+  0-6921 270— 
443+  4-6385 320+ 
582— 66 962— 
958+ 493 707— 
605+ 12 017+ 
064— 945+ 

February 2 
727+ = 3-8916 343+ 
261+ 4-4823 061+ 
747 — 1466 574— 
OS1+ 436 523— 
Sams 16 458+ 
p= S72 

February 3 
STIs 821853) 137-- 
877+  4-0648 037+ 
965+ 2673 705— 
833+ B66 977— 
714- 18 114+ 
WEI = 373+ 

February 4 
139+ 11-9478 979+ 
805+  3-4274 017+ 
804+ 3662 232— 
419+ 290 658— 
690— 19 949+ 
426— 626+ 

February 5 
052+ 14-9820 680+ 
799+  2-6160 503+ 
620+ 4408 237-— 
574— 204 581— 
009 — PB) PKS 
369+ 683+ 

February 6 
PRS WKS SEPA IAMS: 
145+  1-6826 610+ 
D518 4875 750— 
003i 105 090— 
962— 26 852+ 
991+ 246+ 

February 7 
990+ 18-3265 145+ 
380+ 0-6868 469+ 
PU fr 5027 437-— 
650— 4 301+ 
475— 28 162+ 
482+ 586— 

February 8 
500+ 18-5138 055+ 
474+  0-3063 792— 
Wie 4851 439— 
254— 110 639+ 
366+ PISS ANI 
539-4 Sif 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Horizontal 
Parallax 


0-9870 
0-0086 
5 
1 


0-9780 
0-0093 


5430+ 
4708 — 
2184— 
4764+ 

ZAOEE 


9517 + 
3929— 
6827 — 
5524+ 

Siig 


Tse 
3071 — 
3454 — 
3354+ 

893— 


3708 + 
3492 — 
8764 — 
9693 + 

944 — 


0201+ 
SAS 
4706+ 
5865+ 

768 — 


4284+ 
1737 
7779+ 
2771+ 

479 — 


2569 + 
9832 — 
Seer 
859+ 
168— 


6740+ 
1303 — 
4961+ 
207+ 
Cher 


Apparent 
Right Ascension 


113-2058 
13-3054 
1913 

164 

23 


126-3059 
12-8831 
2259 

64 

ai) 


138-9593 
12-4225 
2294 

38 

24 

1 


151-1585 
11-9841 
2046 

122 

i 

1 


162-9520 
11-6182 
1582 

182 

11 


174-4314 
11-3608 
972 

220 

7 


185-7177 
11-2350 
275 

242 

3 


196-9498 
11-2537 
466 

250 


Apparent 
Declination 


February 9 


468+ 17-7357 204+ 
535+  1:2341 165— 
346— 4382 592— 
341— 197 182+ 
063+ 18 039+ 
869+ 70s 

February 10 
248+ 16-0846 965+ 
398+ 2-0451 158-— 
303 3699 861— 
195e 252 410+ 
076+ 9 356+ 
528 — I Syl 

February 11 
636+ 13-6956 194+ 
745+  2-7063 806— 
831— 2901 671— 
457+ 274 945+ 
070+ i TAsr 
178— 1 020— 

February 12 
900+ 10-7266 354+ 
846+  3-2040 562- 
861— 2076 764— 
936+ Pa OM 
940+ 39303 
22 460— 

February 13 
SSH 173417 HSH 
682+  3-5394 105— 
461 — 1285 800— 
813+ 254 133+ 
820+ Sy Oey 
949 — 17+ 

February 14 
463+  3-6985 763+ 
J30--an ov225) 605 
605 — 556 801— 
741+ 232 114+ 
061+ 5 441— 
701— 361+ 

February 15 
694+  0-0569 609— 
487+  3-7662 820— 
032 110 522+ 
019+ 214 087+ 
584+ 3) SOI 
ol 569+ 

February 16 
140+ 3-7910 813-— 
757+  3-6810 916— 
412+ West WG ae 
ISPs 205 567+ 
565+ 635— 
1PS= 633+ 


Formula: Quantity in degrees = a) +a,p + ap’ + a;p’ + ayp* + asp” 
where p is the fraction of a day from 0" TDT. 


D25 


Horizontal 
Parallax 


0-9336 0704+ 
0-0078 0362 — 
2 6233+ 
634+ 

281+ 


7490+ 
4869 — 
2 9846+ 
1792+ 

361+ 


4620+ 
8358— 
3 7379+ 
3262+ 

3434+ 


7245+ 
2442 — 
4 9193+ 
4652+ 

250+ 


8898+ 
9100— 
6 4607+ 
5663 + 

113+ 


0181+ 
2446 — 
8 2224+ 
6118+ 

43— 


6034+ 
OS lies 
10 0266+ 
5946+ 

206— 


0-9014 2222+ 
0-0008 7727+ 
11 6812+ 

a Psyar 

OU iee 


D26 


Right Ascension 


Apparent 


208-2752 
11-4219 
PAV? 

244 

3) 

1 


219-8424 
11-7360 
1916 

220 

8 

1 


PBN 7911 
12-1810 
2508 

168 

17 

1 


244-2379 
12-7253 
2890 

80 

27 

1 


257-2575 
13-3159 


270-8610 
13-8797 
2614 

180 

34 

2 


284-9810 
14-3360 


299-4759 
14-6222 
951 

323 

4 

4 


273+ 
528+ 
PAGE 
661+ 
177— 
12385 


878+ 
601+ 
348+ 
392+ 
871-— 
626-— 


724+ 
861+ 
001+ 
491+ 
241— 
Sp 


907+ 
g334 
656+ 
S19s: 
Soe 
475 — 


Od le 
695+ 
040+ 
798 — 
360— 
2154 


742+ 
041+ 
596+ 
628— 
468 — 
7716+ 


060+ 
378+ 
743+ 
692— 
974-— 
632+ 


147+ 
047+ 
270+ 
493 — 
158+ 
230+ 


Apparent 
Declination 


February 17 


7-3779 047— 
3-4719 359— 
1356 355+ 
209 284+ 

2 163i 
511+ 


February 18 
10-6929 619— 
3-1365 699 — 
2005 163+ 
224 713+ 

5 340+ 

MOF 


February 19 
13-6059 984— 
2:6659 290— 

2712 554+ 
246 820+ 
6 101+ 
633— 


February 20 
15-9754 432— 
2-0472 497— 

3483 304+ 
264 272+ 
BS 08vet 
1 711- 


February 21 
17-6478 
1-2709 


025= 
488 — 
4277 221+ 
258 TASEr 
DLOS3 
2s 


February 22 
18-4659 988— 
0-3415 321- 

4991 744+ 
208 222+ 
195938 
Solos 


February 23 
18-2898 439— 
0-7097 301+ 

5465 116+ 
97 406+ 
36 301- 

28208 


February 24 
17-0277 185— 
1-8163 231+ 
5516 799+ 
697299 

47 981— 


Apparent 
Declination 


February 25 


14-6714 648— 
PEMEE) eae 
5018 905+ 
262 016— 

48 937— 
278-5 


February 26 
11-3208 610— 
3-7862 569+ 
3960 424+ 
435 Wal 
3771929 — 

3 684+ 


February 27 
TABS S92 — 
4-4342 934+ 

2462 569+ 
550 417— 
19 006— 
59974: 


February 28 
2-5615 514— 
4-7560 776+ 

737 298+ 
586 902— 
1 292+ 
BY 7a 


March 1 
2-:2100 179+ 
4-7295 966+ 
983 364-— 
550 152-— 
17 462+ 
1 993+ 


March 2 
6-7882 083+ 
4-3758 581+ 
2509 145— 
461 013- 
27 267+ 
892+ 


March 3 
10-8698 665+ 
3:7470 770+ 
3719 691— 
343 460-— 
31 564+ 
158+ 


March 4 
14-2138 007+ 
2:9128 050+ 
4559 116— 
215 916-— 
32 290+ 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 
Horizontal Apparent 
Parallax Right Ascension 
0-9035 1509+ 314-1617 359+ 
0-0033 5218+ 14-7191 862+ 
12 9864+ 48 093+ 
3626+ 265 929+ 
567- 25 752+ 
1 796+ 
0-9081 9649+ 328-8618 933+ 
0-0060 3555+ 14-6602 217+ 
13 7267+ 577 280= 
1368+ 146 524- 
791— 34 412+ 
942 — 
0-9156 1048+ 343-4530 816+ 
0-0087 9030+ 14-5141 004+ 
13 6547+ 819 901-— 
1788— 19 274-— 
1046— 29 083+ 
2 '619= 
0-9257 3791+ 357-8859 110+4- 
0-0114 2576+ 14-3546 6144+ 
12 4830+ 729 499— 
5984— 70 598+ 
1298 — 15 482+ 
3 050— 
0-9383 3915+ 12-1759 254+ 
0-0136 9086+ 14-2346 092+ 
9 9040+ 455 375— 
1 1231-— 102 263+ 
1454— 114- 
2 619— 
0-9528 9356+ 26-3749 501+ 
0-0152 7651+ 14-1728 590+ 
5 6659+ 175 515— 
1 7159-— 76 197+ 
1352-— 13 494-— 
1 611— 
0:9685 5155+ 40-5363 667+ 
0-0158 4076+ 14-1544 135+ 
2757 —- 44 043-— 
2 2732- 6 953+ 
807-— 21 771- 
157- 
0-9841 2936+ 54-6848 784+ 
0-0150 7128+ 14-1389 058+ 
7 5466— 155 389— 
2 6118— 80 778-— 
259+ 22 575— 
1 442+ 


PV 


335% 


Formula: Quantity in degrees = a + a:p + ap’ + asp’ + a,p* + asp* 
where p is the fraction of a day from 0" TDT. 


Horizontal 
Parallax 


1-0176 
0-0008 


8740+ 
8878 + 
1837— 
Slice 
1650+ 


2315+ 
6463 + 
6922— 
8348 — 
2844+ 


6353+ 
8967+ 
4781 — 
6653 — 
3249+ 


7134+ 
7543 — 
5430— 
6642+ 
2647+ 


3449+ 
7884 — 
0014— 
7349+ 
1370+ 


4269+ 
0389 — 
0159— 
2758+ 

29+ 


6507+ 
2326— 
2006 — 
2706+ 

916— 


3966 + 
1890— 
9514— 
8883+ 
1334— 


Apparent 


Right Ascension 


68-7980 
14-0752 
518 

156 

iLS) 

2 


82-8046 
13-9199 
1051 
190 

1 

2 


96-6004 
13-6529 


110-0764 
13-2847 
2041 

110 

19 


123-1481 
12-8516 
2248 

26 

21 


135-7743 
12-4023 
2204 

54 

18 


147-9634 
11-9848 
1937 

119 

13 


159-7678 
11-6383 
1505 

165 

8 


542+ 
867+ 
23 — 
023— 
099 — 
5o0=- 


iGW7/e 
740+ 
155 — 
18) — 
900— 
630+ 


046+ 
410+ 
191 
609 — 
482+ 
706+ 


845+ 
648+ 
085 — 
344— 
924+ 
426+ 


414+ 
261+ 
361— 
938— 
780+ 
546-— 


609 + 
108+ 
007 — 
480+ 
770+ 
966— 


O93 
TSae 
650— 
901+ 
750+ 
961— 


813+ 
379+ 
O79 
407+ 
856+ 
3 — 


Apparent 
Declination 


March °5 


16-6522 980+ 
1-9489 549+ 
5016 479— 

90 366— 

30 603+ 
i 


March 6 
18-0935 511+ 
0-9304 025+ 
Sul gil = 
24 069+ 

26 676+ 

1 166— 


March 7 
18-5177 399+ 
0-0746 329— 
4891 128— 
118 999+ 

20 738+ 

1 365— 


March 8 
17-9678 313+ 
1-0095 460— 
4423 365-— 
188 348+ 

13 812+ 

1 283= 


March 9 
16-5360 364+ 
1-8328 312— 
3788 286— 
230 929+ 

7 350+ 
991-— 


March 10 
14-3481 054+ 
2-5187 648— 
3061 307-— 
250 619+ 

2 408+ 
635— 


March 11 
11-5484 489+ 
3-0551 949— 
2301 349— 
254 075+ 
723— 
322— 


March 12 
8-2884 222+ 
3-4396 920— 

1546 672— 
248 096+ 
2 286= 
86-— 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Horizontal 
Parallax 


° 


0-9697 
0-0132 


0110+ 
9612— 
9127+ 
3441+ 
1334— 


3229+ 
1008 — 
4580+ 
218— 
324+ 


Apparent 


Right Ascension 


171-2730 604+ 
11-3901 006+ 
963 460— 
1935219 

4 966+ 

Sebi= 


182-5865 
11-2570 


749 + 
681+ 
359 867— 
207 284+ 

2 037+ 
504— 


193-8285 
11-2478 
269 

210 


381+ 
428+ 
163+ 
360+ 
472- 
564-— 


205-1242 296+ 
11-3643 126+ 
891 764+ 

202 719+ 

3 304— 

Evi 


216-5975 
11-6017 


850+ 
834+ 
1472 561+ 
181 845+ 

7 135-— 
997 — 


228-3639 958+ 
11-9474 964+ 
283+ 
272+ 
12 282-— 
1 129— 


240-5210 067+ 
12-3780 577+ 
2310 070+ 

83 021+ 

18 201— 

872— 


253-1364 
12-8572 625+ 
2441 146+ 

2 006+ 

22 894- 

4+ 


662+ 


Apparent 
Declination 


March 13 


4-7186 354+ 
3-6755 546— 
816 949— 
238 188+ 

2, 615 — 

81+ 


March 14 
0-9849 453+ 
3-7685 174-— 
117 618- 
228 360+ 

2 232-— 
195+ 


March 15 
2:7727 016— 
3-7243 281-— 
556 031+ 
221 415+ 
i 25— 
251+ 


March 16 
6:°4193 815— 
3-5470 579— 
1215 510+ 
219 051+ 
103+ 

219+ 


March 17 
9-8229 512-— 
3-2380 906— 
1875 478+ 
221 548+ 

1 283+ 

49+ 


March 18 
12-8512 060— 
2:7959 933-— 
2548 324+ 
226 958+ 

1 625+ 
307- 


March 19 
15-3695 392-— 
2°:2177 451-— 
3235 891+ 
230 0714+ 
165+ 

p= 


March 20 
17:2407 568— 
1:5019 063— 
3918 575+ 
221 848+ 

4 094— 

1 482-— 


Formula: Quantity in degrees = a) +a;p + ap’ + asp’ + asp* + asp” 


where p is the fraction of a day from 0" TDT. 


D27 


Horizontal 
Parallax 


0-9027 
0-0029 


0-9147 
00081 
11 


0-9240 
0-0105 
11 


6907+ 
1206— 
5868 + 
1099+ 

32545 


2993 45 
4871 — 
1097+ 
2420+ 

260+ 


1900+ 
4375— 
9881+ 
3476+ 

140+ 


1022+ 
6376+ 
1099+ 
4050+ 

24- 


SBS 5 
0628+ 
3041+ 
3967+ 

228 


9930+ 
7700+ 
3498+ 
3070+ 

473-— 


S724 
2016+ 
9782+ 
1194+ 

ii 


5954+ 
2110+ 
8684+ 
1851— 
1089— 


D28 


Right Ascension 


Apparent 


° 


266-2357 
13-3369 
2309 

88 

23 

1 


279-7926 
13-7637 
1919 

166 

15 

a 


293-7303 
14-0926 
1350 

203 

2 

2 


307-9377 
14-3022 
755 

184 

12 

1 


322-2986 
14-4040 
295 

117 

21 


336-7226 
14-4367 
74 

31 

21 

1 


351-1657 
14-4500 


548+ 
392+ 
799 + 
741=— 
058— 
392+ 


6324. 
507+ 
158+ 
354—- 
CPi 
639+ 


354+ 
249+ 
O79 
oe 
269 
882+ 


659+ 
920+ 
624+ 
390 — 
541+ 
819+ 


174+ 
239+ 
889+ 
068 — 
687+ 

4+ 


92521 
562+ 
798+ 
260— 
440+ 
698 — 


7674 
636+ 
609+ 
926+ 
544+ 
725= 


756+ 
180+ 
319+ 
Tye 
546— 
843 — 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 
Apparent Horizontal Apparent Apparent 
Declination Parallax Right Ascension Declination 
March 21 March 29 
18-3291 785— 0-9357 3808+ 20-1437 641+ 4-8545 643+ 
0:6540 164— 0-0127 9568+ 14-5494 752+ 4-7010 042+ 
4544 713+ 10 6501+ 392 844+ 1747 123- 
190 376+ 6223— 25 681+ 589 266— 
Nil op — 1403 — 16 283— 17 479+ 
il SXol = 1 914— 3 449+ 
March 22 March 30 
18-5110 443— 00-9495 2250+ 34-7332 721+  9:3240 226+ 
0-3064 095+ 0-0146 8283+ 14-6282 807+ 4-1835 147+ 
5026 462+ 7 9354+ 352 982+ $375 323— 
124 247+ 1 1904— AST 485 724— 
PM (ofsyil= 1593 — 26 270- 34 930+ 
2 014—- 18+ 1 945+ 
March 23 March 31 
17-6919 305— 0-9648 6389+ 49-3884 771+ 13-1251 001+ 
1:3393 089+ 0-0158 4898+ 14-6711 344+  3-3776 353+ 
5249 115+ 3 4126+ 23 068+ 4603 669— 
17 810+ 1 8415— 161 097— 327 S97 = 
Sil Dif 1466— 26) 1/2 44 652+ 
1 485— 2, 295-5 141+ 
March 24 Aprily 1 
15-8292 748— 0-9808 5534+ 64-0434 209+ 16-0140 880+ 
2:3809 450+ 0-0159 2033+ 14-6180 991+  2-3765 520+ 
5095 834+ ez, 9704— 594 236- $317 165= 
124 301-— 2 4476— 242 058— 148 492— 
~ 39 604— 804 — 14 144— 45 161+ 
411— 3 667+ 1 449— 
March 25 April 2 
12:9551 779— 00-9962 2584+ 78-5768 429+ 17-8484 454+ 
3:3467 762+ 0-0145 5972+ 14-4228 100+ = 1-2859 099+ 
4481 178+ 10 7560— 1368 Si8— 5506 219— 
285 979— 2 7869— 262 183-— 123s 
41 786— 470+ 4 856+ Sih eylilss 
1 047+ 3 265ch Fee yf) 
March 26 April 3 
9-1929 558— 1-0094 3598+ 92-8373 948+ 18-5889 648+ 
4-1410 288+ 0-0115 9124+ 14-0740 241+  0-2036 417+ 
$582 993-5 18 7854— 2093 265— 5253 263-— 
441 752— 2 6008 — 211 090-— 143 571+ 
86 5354 2080+ 21 406+ 25 339+ 
ZeO13-5 1 528+ 2A tie 
March 27 April 4 
4-7611 951— 11-0189 0941+ 106-6832 768+ 18-2839 261+ 
4:6717 955+ 0:0071 3726+ 13-6013 683+ 0-7950 289— 
1864 685+ 25 3004— DDS2 8 ile 4695 052— 
561 074— 1 7458— 111 2215 220 747+ 
2323 5e4 3366+ 28 765+ 12 905+ 
3 822+ 232m 1 866— 
March 28 April 5 
0-0390 202+ 1-0233 7572+ 120-0180 842+ 17-0425 705+ 
4-8690 277+ 0-0016 8831+ 13-0627 917+  1-6635 857— 
80 327+ 28 5094— 2746 839- 3974 048— 
615 607— 3601 — 424+ 254 164+ 
3 719= 3648+ 26 904+ 8) Sah 
4 164+ 1301 CES = 


Formula: Quantity in degrees = a + a,p + ap’ + ap> + asp! + asp° 
where p is the fraction of a day from 0° TDT. 


Horizontal 
Parallax 


0-9325 
0-U117 
10 


1355+ 
G55 
4280— 
1316+ 
2762+ 


3600+ 
(inal 
4236— 
2456+ 
1208+ 


1916+ 
7389— 
0076 — 
7166+ 

271 - 


1340+ 
qiot— 
0534— 
5855+ 
1224— 


8276+ 
3509 

422— 
0789+ 
ISs70= 


1504 + 
0331 — 
2547+ 
4411+ 
1493 — 


6638 + 
T= 
6911+ 
8403+ 
1208 — 


2766+ 
3780 — 
4977 + 
3568 + 

867— 


Apparent 


Right Ascension 


132-8087 
12-5236 
2597 

94 

20 

1 


145-0840 
12-0399 
2206 

160 

i 

1 


156-9205 
11-6511 
1662 

198 

6 


168-4257 
11-3801 
1037 

BAS 

2 


179-7238 
12377 
385 

217 


190-9447 
11-2254 
Sif 

209 

3 


202-2165 
11-3381 
859 

189 

6 


213-6589 
11-5641 
1384 

Sy 

y 


947+ 
621+ 
208 — 
Oidat 
065+ 
485 — 


856+ 
792+ 
951— 
472+ 
482+ 
217- 


434+ 
IBS ar 
824— 
434+ 
356+ 
856— 


699 + 
Oey as 
SE S= 
435+ 
079+ 
S984 


618+ 
681+ 
160— 
819+ 
899 — 
501— 


559+ 
719+ 
886+ 
178+ 
414— 
Sp)= 


374+ 
603+ 
394+ 
912+ 
220- 
700— 


364+ 
748+ 
789+ 
962+ 
813— 
824— 


Apparent 
Declination 


April 6 


15-0072 485+ 
23812 426— 
3200 637— 
258 314+ 
1 594— 
366— 
April 7 
12-3315 776+ 
2:9446 961— 
2438 901— 
248 529+ 
SSO — 
64+ 
April 8 
9-1675 206+ 
$3592 (O5i7= 
1712 465— 
236 077+ 
2 884— 
254+ 
April 9 
5-6604 131+ 
3-6319 024— 
1018 987— 
227 101+ 
1 547- 
281+ 


10 
SBRar 
479 — 
146— 
689+ 
96— 
Z1B-r 

April 11 
1-8308 864— 
3-7697 022— 
328 489+ 
js BH ap 
1 011+ 
90+ 

April 12 
5-5450 924— 
3-6359 435— 
1011 583+ 
230 223+ 
iL Oe; 
W= 

April 13 
9-0567 128— 
$7509) 97/9 = 
1710 506+ 
239: 330% 
Myre 
ai = 


April 
1-9491 
3-7680 
344 
223 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Horizontal 
Parallax 


0-9218 
0-0095 
11 


6665 + 
6588 — 
0581+ 
HIS 
545 — 


0226+ 
7266 — 
7736+ 
2051— 

i= 


8375+ 
9026 — 
0034+ 
3114-— 

45— 


6223+ 
8480 — 
0477+ 
B20 

130+ 


5072+ 
6839 — 
1461+ 
2740— 

2 


7205+ 
132 
4765+ 
1716— 

SBS 


9435+ 
4502+ 
1492+ 
443 — 
309+ 


D299 
(395-4 
1996+ 
816+ 
236+ 


Apparent 


Right Ascension 


225-3763 
11-8841 
1791 

110 

14 


237-4492 
12-2696 
2030 

46 

18 


249-9247 
12-6824 
2059 

28 

19 


262-8083 
13-0782 
1862 

100 

16 

1 


276-0612 
13-4145 
1476 

150 

8 

2 


289-6078 
13-6625 
999 

159 

4 

2 


303-3550 
13-8173 
567 

121 

15 

1 


317-2186 
13-9012 
308 

48 

Ai 


227+ 
843+ 
522+ 
Sar 
120— 
Ii 


233+ 
195+ 
783+ 
792+ 
130- 
293 — 


580+ 
163+ 
409+ 
132-— 
816-— 
609+ 


813+ 
380+ 
195-4 
686— 
806— 
688+ 


584+ 
938+ 
206+ 
631— 
153 
386+ 


329+ 
712+ 
291+ 
475— 
099+ 
224+ 


239+ 
430+ 
713+ 
419— 
417+ 
217+ 


596+ 
333+ 
111+ 
392— 
484+ 
184— 


Apparent 
Declination 


April 14 


12-2260 402— 
ZOS0IES Iii 
2420 499+ 
236 838+ 
296— 
2 
April 15 
14-9113 743— 
2-3962 344— 
3123 524+ 
229 713+ 
3 149— 
860 — 
April 16 
16-9726 799— 
1-7042 877— 
3785 340+ 
208 451+ 
7 494— 
O75 = 
April 17 
18-2784 454— 
0-8882 196— 
4354 967+ 
167 700+ 
12 949— 
ihe Ay 
April 18 
18-7158 050— 
0-0273 458+ 
4769 192+ 
104 818+ 
18 600— 
968 — 


19 
150— 


April 
18-2030 
1-0047 057+ 
4962 360+ 
20 874+ 

23 455— 
726- 


April 20 
16-7024 040— 
1-9936 951+ 
4876 988+ 
80 077- 
27 084— 
S02 

April 21 
14-2317 762— 
2-9339 858+ 
4469 226+ 
193 268— 
29 663— 
Mesi= 


Formula: Quantity in degrees = a) +a,;p + ap’ + asp + ayp* + asp” 


where p is the fraction of a day from 0" TDT. 


D29 


Horizontal 
Parallax 


0-9055 
0-0042 


5739+ 
4783 + 
5820+ 
1784+ 

95+ 


8220+ 
2155+ 
1678+ 
2185+ 

ii 


4127+ 
1622+ 
7482+ 
1758+ 

SU 


4610+ 
0350+ 
0393 + 
261+ 
693 — 


4921+ 
9146+ 
6913+ 
eee 
1030— 


7438+ 
1315+ 
3106+ 
6663 — 
1324— 


3871+ 
2236+ 
5134+ 
2042 — 
1449— 


7750+ 
0572+ 

386+ 
TE) — 
PPA 


D30 MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Apparent Apparent Horizontal Apparent Apparent Horizontal 
Right Ascension Declination Parallax Right Ascension Declination Parallax 

April 22 April 30 
a 331-1479 948+ 10-8731 847— 0-9895 9503+ 87-5791 136+ 18-6142 014+ 0-9796 1375+ 
a, 13-9568 378+ 3-7578 674+ 0-0138 2495+ 14-7010 251+ 0-6418 855+ 0-0157 7359— 
a 289 962+ 3709 038+ 6 0659— 1942 427— 5801 251— 3 9881— 
as 34 914+ 813.963 2 3053— 362 432~ 106 651+ 2 4746+ 
as 20 410+ 31 049— 467— 24 459+ 42 785+ 1246— 
ds 1 S27— 322+ 3 538+ 3474 = 

April 23 May 1 
a 345-1392 085+  6-7788 824— 1-0025 7821+ 102-0524 526+ 18-6905 280+ 0-9636 7635+ 
a, 14-0327 035+ 4-3932 290+ 0-0119 0145+ 14-2153 594+ 0-4711 419— 0-0158 7874— 
a 501 850+ 2584 038+ 13 2224— 2847 625— 5262 413— 2 6800+ 
as 100 645+ 434 302- 2, 5056— 231 4130— 240 226+ 1 9617+ 
as 12 572+ 29 693— 810+ 41 920+ 23 310+ iia 
as 2 614— 1 414+ 146+ 3 435— 

April 24 May 2 
@ 359-2331 572+ 2:1735 077— 1:0129 1498+ 115-9641 429+ 17-7191 550+ 0-9482 4677+ 
a, 14-1669 879+ 4-7685 776+ 0-0085 3771+ 13-5933 335+  1-4439 486— 0-0148 1430— 
a 853 025+ 1117 096+ 20 2087— 3288 168— 4436 249— 7 6674+ 
as 124 406+ 538 062— 2 42782— 63 246— 299 856+ 1 3535+ 
as 786— 22 F731 2266+ 41 840+ 5 963+ 1406— 
as 5 B07 293075 2 009— 2 

April 25 May 3 
a 13-4974 788+  2-6509 932+ 1-0192 3666+ 129-2263 181+ 15-8619 512+ 0-9343 2052+ 
a, 14-3729 468+ 4-8229 524+ 0-0039 3327+ 12-9324 569+  2-2399 154— 0-0129 3099-— 
a 1188 364+ 604 145- 25 3533— 3247 061— 3522 090— 10 8924+ 
a3 88 295+ 14598 927= 1 2467— 83 730+ 303 271+ 7886+ 
as 17 873-— 7 854— 3270+ 31 153+ 4 503- Sis 
as SH72— 4 264+ 2 473- 780— 

April 26 May 4 
a 27-9959 871+  7-3532 793+ 1:020S 4263+ 141-8453 099+ 13-2996 257+ 0-9225 4612+ 
a, 14-6283 749+ 4-5214 358+ 0-0013 8042— 12-3193 888+  2-8555 420— 0-0105 6196— 
a 1314 163+ 2405 332- a? 1312— 2833 733— 2647 057— 12 5767+ 
as 13 926— 587 S59 969+ 183 881+ 277 988+ 3285+ 
as 34 553— 14 040+ 3283+ 18 519+ 8 182— 862— 
as 1 500— 4 537+ 1 981— 122+ 

April 27 May 5 
a 42-7507 805+ 11-5772 838+ 1-0164 9161+ 153-9013 673+ 10-2063 708+ 0-9132 6605+ 
a, 14-8724 625+ 3-8719 850+ 0-0066 4611— 11-8142 244+  3-3047 681— 0-0079 8255- 
ad 1049 978+ 4038 298— 24 9004— 2190 799— 1860 931-— 13 0532+ 
as 165 (2355 486 820— 1 4362+ 238 536+ 246 744+ 1S0= 
as 42 619-— 37 403+ 2296+ 8 585+ 7 393— 598 — 
as 1 816+ 3 161+ 1 298— 560+ 

April 28 May 6 
a 57-7076 369+ 15-0008 134+ 1-0075 2204+ 165-5210 939+  6-7395 009+ 0-9065 8134+ 
a, 15-0167 514+ = 2-9348 177+ 0-0111 0345— 11-4504 107+  3-6056 073— 00-0054 0033— 
a 316 774+ 5242 687— 19 2587— 1436 664— 1159 '423— 12 6563+ 
a; 315 ‘675— 307 158— 2 3589+ 260 178+ 222 851+ 2530— 
as 83 075— 53 541+ 834+ 2 148+ 4 470- 374-— 
as 5 140+ 427+ 806— 672+ 

April 29 May 7 


a 72-7217 048+ 17-3860 434+ 0-9947 3693+ 
a 14-9747 448+ = 11-8157 596+ 00-0142 1425-— 


176-8539 903+  3-0398 566+ 0-9024 175 
11-2415 878+ 3-7720 889— 00-0029 599 


a Gi Alas 5838 694— HM 21 651 302— 510 961— 11 6787+ 
a3 396 1273 90 812— 2 6792+ 260 830+ 211 637+ 4017— 
as 6 035—- 55 S55Fé 465 — 1 825— 1 030— 184— 
as S 916 2 3642 601— 585+ 


Formula: Quantity in degrees = a +ap+@p+ap+ap'+ap 
where p is the fraction of a day from 0° TDT. 


Apparent 


Right Ascension 


188-0562 
11-1885 
114 

247 

4 


199-2804 
11-2833 
821 

221 

8 


210-6672 
11-5105 
1429 

180 

12 

1 


222-3375 
11-8452 
1887 

120 

17, 


234-3817 
12512) 
2132 

39 

23 


246-8477 
12-6801 
2108 

Sy) 

25 


259-7308 
13-0756 
1800 

146 

20 

2, 


272-9700 
13-3847 
1261 

204 

8 

3 


883+ 
462+ 
2290-5 
497+ 
IE)= 
647— 


625+ 
978+ 
444+ 
710+ 
054— 
1) = 


850+ 
SUS 
700+ 
858+ 
Oo 
047— 


447+ 
538+ 
184+ 
7238 
904 — 
979— 


009+ 
Siar 
086+ 
691+ 
119 
S52 


889+ 
600+ 
880+ 
587— 
slsyb— 
909+ 


538+ 
550+ 
284+ 
294— 
oe) 
361+ 


840+ 
655+ 
462+ 
630— 
430— 
164+ 


Apparent 
Declination 


May 8 


0-7622 093-— 
3-8109 100-— 
123 628+ 
213 236+ 
1 959+ 
366+ 

May 9 
4-5392 003-— 
3-7212 475-— 
778 760+ 
224 541+ 
3 850+ 
37+ 


May 10 
8-1597 290— 
1S — 
865+ 
240 064+ 
4 091+ 
394— 

May 11 
11-4843 414- 
3-1279 438— 
2216 671+ 
252 207+ 
2 144+ 
880— 


May 12 
14-3652 710— 
305— 
346+ 
739+ 
IBN 
1 300 


May 13 
542— 
146- 
671+ 
229 407+ 
8 954— 
1 453- 


May 14 
18-1979 018— 
665 — 
606+ 
179) 215-f 

16°399= 

1 180- 


May 15 
18-8826 440— 
0-2217 294— 
4753 048+ 
102 185+ 
DDD Nei 
546— 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Horizontal 
Parallax 


0-9005 8350+ 
0-0007 5207-— 
10 3683+ 
4746— 

20 


0-9008 2061+ 
7844+ 
8 9371+ 
4817— 
Wie 


0-9028 4580+ 
0-0028 2620+ 
7 5679+ 

4322 — 

229+ 


8785 + 
1928+ 
6 4105+ 
3388 — 

289+ 


1719+ 
nS =H 
5 5676+ 
2206— 

283+ 


6605 + 
7002+ 
5 0731+ 
1045 — 

196+ 


3488+ 
6112+ 
4 8717+ 
234- 
24+ 


0-9320 8107+ 
0-0084 2940+ 
4 8081+ 
118— 

nippy 


Apparent 


Right Ascension 


286-4600 062+ 
13-5738 785+ 
628 686+ 

206) 955 

7 836+ 

7h WB a 


300-0771 146+ 
13-6420 283+ 
82 178+ 

149 084— 

21 676+ 
1326-4 


313-7147 526+ 
13-6230 705+ 
221 786— 

50 036— 

28 161+ 
A= 


327-3134 297+ 
13-5748 289+ 
205 705— 

os) (Sar 

26 543+ 

JE yi pa 


340-8761 063+ 
13-5612 928+ 
115 835+ 

149 665+ 

18 804+ 
20 


354-4655 902+ 
13-6356 838+ 
653 708+ 

200 519+ 

6 754+ 

3 149— 


8-1870 572+ 
13-8277 076+ 
1264 257+ 
Ms) gh Pane 
O03 
Se/50— 


22-1594 652+ 
14-1337 116+ 
1758 479+ 
121 495+ 
281639 

3 213— 


Apparent 
Declination 


May 16 


18-6211 437— 
0-7503 075+ 
4919 812+ 

7 542+ 

25 048— 
114+ 


May 17 
17-3805 942-— 
1-7265 707+ 
4793 316+ 
91 321— 
24 302-— 
436+ 


May 18 
15-1862 105— 
2-6483 350+ 
4377 920+ 
184 218— 
21 994— 
335+ 


May 19 
12-1206 712— 
3-4600 232+ 
3696 644+ 
268 987— 
AMY BE = 
ics 


May 20 
8-3199 106— 
4-1105 498+ 
2768 233+ 
349 685— 
PR) PNG — 
70+ 


May 21 
3-9695 205— 
4-5512 407+ 
1598 539+ 
429 473- 
20191 
700+ 


May 22 
0-6966 777+ 
4-7343 815+ 
195 926+ 
502 461— 
iMG; Sl — 
2 050+ 


May 23 
5:3989 136+ 
4-6170 669+ 
1392 782- 
548 901— 
6 70L= 
3 710+ 


Formula: Quantity in degrees = a +a,p + ap’ + asp’ + asp* + asp° 


where p is the fraction of a day from 0" TDT. 


D31 


Horizontal 
Parallax 


0-9409 
0-0093 


8786+ 
7855 + 
6295+ 
1002— 

LoS 


1415+ 
5362+ 
0084+ 
3089 — 

814— 


29S Tate 
3005 + 
5869+ 
6386— 
U7 — 


4418+ 
1474+ 

548+ 
0577-— 
1042— 


4821+ 
6664+ 
1330 
4867 — 

730—- 


8553+ 
4466+ 
6094 — 
EMP 

We 


8997+ 
8470+ 
9619— 
8041— 
1003+ 


0811+ 
O29 
7415— 
3955= 
2012+ 


D32 


Apparent 


Right Ascension 


° 


36-4779 597+ 
14-5086 493+ 
LOIS E8752 
26 841— 

47 2135 
25 


51-1706 594+ 
14-8642 396+ 
1539 045+ 
226 002— 

54 212—- 

a) by7, 


66-1610 972+ 
15-0841 437+ 
567 410+ 
409 102— 

Sipe A l= 

7 164+ 


81-2580 334+ 
15-0634 583+ 
Me eey— 
487 608— 
188+ 

23 Ort 


96-1921 478+ 
14-7582 198+ 
2202 288-— 
416 456— 

3715 399-1 

3: 396-4 


110-6925 727+ 
14-2094 784+ 
3193 403— 
23954 fms 
SSlooes 
894— 


124-5644 589+ 
13-5212 330+ 
3586 225— 

30 639— 

48 136+ 

2 988 


137-7285 203+ 
12-8125 568+ 
3419 310— 
IS 1993.44 
S222 

2 986— 


Apparent 
Declination 


May 24 


9-8215 131+ 
4:1730 158+ 
3042 518— 
538 091— 
12 383+ 

4 656+ 


May 25 
13-6381 719+ 
3-4103 651+ 
4535 800— 
442 568— 
36 588+ 
3 696+ 

May 26 
16-5547 287+ 
2:3869 148+ 
5606 924— 
260,979 = 
5556915 
664+ 


May 27 
18-3604 887+ 
1-2098 408+ 
6049 125— 
3352s 
~ 58 670+ 
2 779- 


May 28 
18-9676 536+ 
0-0120 348+ 
5825, 613 
172 392+ 
43 783+ 
4 465- 


May 29 
18-4182 980+ 
1-0860 891— 
5090 500— 
303 181+ 
20 705+ 
3 878— 


May 30 
16-8551 598+ 
2:0068 896— 
A095 .523= 
348 191+ 
1 A724 
2G Jz 


May 31 
14-4734 375+ 
2-7221 499— 
3065 557— 
332 125+ 
9 444— 
574— 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Horizontal 
Parallax 


1-0105 
0-0000 
21 


1-0083 
0-0044 


0)-9494 
0-0142 
4 


0579+ 
0489+ 
7039 — 
5700 —- 
2570-3 


0898 + 
0397 
8774— 
4825+ 
2394+ 


8945 + 
3887 — 
0188 — 
4557+ 
1569+ 


0994+ 
4316— 
7436-— 
0843+ 

485+ 


0570+ 
4723— 
2285 — 
2684 + 

446 — 


5799 + 
3033'= 
7087 — 
0770+ 
1009 — 


5440+ 
8938 — 
9106+ 
6633+ 
1206— 


1035+ 
5656— 
1780+ 
1751-4 
1158— 


Apparent 


° 


150-2152 
12-1798 
2858 

232 

17 

22 


162-1341 
11-6839 
2076 

281 

6 

1 


173-6390 
11-3551 
1203 

296 


184-9036 
11-2034 
SLT, 

291 

3 


196-1040 
1122257 
530 

271 

6 


207-4092 
11-4101 
1295 

235 

11 

1 


218-9711 


230-9137 
12-1641 
2330 

91 

De 

1 


Right Ascension 


991+ 
098+ 
090— 
712+ 
409+ 
Aff 


002+ 
115+ 
670-— 
666+ 
877+ 
2713-— 


718+ 
922+ 
135— 
726+ 
614+ 
789— 


056+ 
342+ 
160— 
356+ 
247— 
694— 


653+ 
628+ 
482+ 
314+ 
674-— 
910-— 


493+ 
285+ 
269+ 
317+ 
258- 
278- 


828+ 
349+ 
854+ 
383+ 
848 — 
SU 


060+ 
287+ 
781+ 
Loose 
Ol 
147—- 


Apparent 
Declination 


June 
10-4702 
3-2945 
1940 
248 

6 


June 
13-5453 
2-8298 
2715 
265 

2 

1 


1 


426+ 
872— 
543 — 
185+ 
040— 
410+ 


2 
567+ 
506— 
092 — 
386+ 
788 — 
843+ 


3 
410+ 
469 — 
21it- 
716+ 
446 — 
925+ 


4 
925+ 
903 — 
474-— 
104+ 
731-— 
795+ 


5 
284— 
490 -— 
420+ 
954+ 
333+ 
497+ 


6 
5/0 
i= 
270+ 
973 
917+ 

11+ 


i 
Sis 
803— 
814+ 
S53 
060+ 
674— 


8 
6254: 
255— 
498+ 
406+ 
700+ 
455— 


Formula: Quantity in degrees = a) + a;p + ap’ + asp> + asp’ + asp* 
where p is the fraction of a day from 0° TDT. 


Horizontal 
Parallax 


0-9239 
0-0107 
12 


0-9145 
0-0081 
13 


0-9077 
0-0053 
14 


0-9037 
0-0025 
13 


0-9025 


T7152 + 
1479 -- 
0131+ 
7097+ 

ey 


2507+ 
3904 — 
5512+ 
3119+ 

806— 


6427+ 
6749 — 
0084+ 
Tee 
635— 


9031+ 
9410— 
6030+ 
20295 

489— 


2534+ 
2809+ 
S25 2s 
4582 — 

Bhi 


5655+ 
8134+ 
9398+ 
6018— 

226- 


6944+ 
7974+ 
0035 + 
6926— 

80— 


7946+ 
6944+ 
8823+ 
7249 — 

Tete 


en) 


Apparent 
Right Ascension 


243-3173 343+ 
12-6467 423+ 
2437 941+ 

22) O97 
327,018 

189+ 


256-2024 186+ 
13-1148 129+ 
2179 6197: 
147 662— 

Sih i= 

2 288+ 


269-5175 288+ 
13-4950 748+ 
1571592055 
248 893— 

19 454— 

4 010+ 


283-1433 619+ 
13-7290 144+ 
748 717+ 
286595 le 

1 345+ 

4 077+ 


296-9191 352+ 
13-7953 670+ 
62 044— 

241 331— 
22S otts 

2 408+ 


310-6866 237+ 
13-7206 332+ 
628 894— 

1D) Tiss 

34 090+ 

(WT ae 


324-3348 159+ 
13-5696 423+ 
811 998— 

7 398+ 

34 562+ 

1 472-— 


337-8273 072+ 
13-4225 498+ 
Sei) A= 

130 417+ 

26 874+ 
Dee 


June 


16-0769 
2-2067 
3513 
261 

4 

2 


June 
17-9069 
1-4285 
4248 
222 

15 

1 


June 
18-8901 
0-5193 
4803 
141 

25 

1 


June 
18-9176 
0-4732 
5064 

29 

31 


June 
17-9380 
1-4825 
4966 

93 

30 

1 


June 
15-9710 
2-4363 
4516 
202 

24 

1 


June 
13-1056 
3-2698 
3776 
285 

AG) 


June 
9-4883 
3-9330 
2825 
344 
12 


9 


731- 
2 
348+ 
SS2e 
730— 
033— 


10 

335-3 
Oe 
591+ 
114+ 
21354 
992— 


11 

748 — 
190— 
695+ 
832+ 
471— 
142—- 


12 

024— 
116+ 
939+ 
263+ 
219 = 
149+ 


13 

Tike = 
662+ 
936+ 
554— 
Ppa fs 
147+ 


14 

SI — 
701+ 
426+ 
847— 
196 
382+ 


15 

326— 
PAGE 
667+ 
Bil 
106— 
974+ 


16 

aslo = 
116+ 
889+ 
965 — 
295 
Sees 


MOON, 1998 


DAILY POLYNOMIAL COEFFICIENTS 


Apparent 
Declination 


Horizontal 
Parallax 


0-:9189 6541+ 
0-0071 3150+ 
4 7583+ 
6934 — 

227+ 


0-9265 0568+ 
0-0078 8424+ 
2 8176+ 
6006 — 

skbar 


0-9346 1496+ 
0-:0082 8097+ 
1 2174+ 
4636— 

362+ 


0-9429 7493+ 
0-0083 9988 + 
414+ 

SUSI 

283+ 


0-9513 5027+ 
0-0083 2496+ 
7400— 

1990 — 

Mer 


0-9595 8231+ 
0-0081 2120+ 
iL PES fo— 
1583 — 

154— 


0-9675 5755+ 
0-0078 1037+ 
1 8610— 
221354 

408 — 


0-9751 5561+ 
0-0073 5543+ 
2 7749 
3888 — 

575 — 


Apparent 


Right Ascension 


351-2056 
13-3518 
67 

214 

15 

2 


4-5733 
13-4072 
638 

246 

1 

3 


18-0688 
13-6077 
1352 
218 

15 

3 


31-8316 
1529355 
1876 
119 

34 

3 


45-9630 
14-3311 


60-4834 
14-6943 
1532 
Doi 

54 


90-2064 
14-8608 
935 

485 

7 

6 


329+ 
214+ 
950 
415+ 
1S3=F 
796— 


365+ 
185+ 
Masifay 
Vika: 
ISoEe 
PISS 


410+ 
073+ 
414+ 
178+ 
S10 
696 — 


808+ 
679+ 
448+ 
309+ 
hy 
Wo 


343+ 
798 + 
285+ 
497— 
488 — 
446— 


995+ 
747+ 
30) -F 
329 
143— 
098+ 


705+ 
389+ 
633+ 
OTe 
466 — 
Spar 


821+ 
566+ 
364— 
761— 
154+ 
785+ 


D33 
Apparent Horizontal 
Declination Parallax 


June 17 


53084 392— 0-9821 8892+ 
4-3899 811+ 0-0066 6077+ 


° 


1721 180+ 4 2861— 
390 299— 6259— 
10 526— 565— 
135+ 
June 18 


0-7864 092— 0-9883 5284+ 
4-6129 846+ 0-0055 9312+ 


488 424+ 6 4951-— 
430 841-— 8603 — 
10 168— ei 
498+ 
June 19 


3-8313 666+ 0-9932 0731+ 
45775 999+ 00-0040 2351+ 


860 175-— 9 2478-— 
465 915— 9918— 
7 964— 182+ 
1 571+ 
June 20 


8-2757 182+ 0-9962 0869+ 
4-2633 918+ 0-0018 8369+ 


2290 004— 12 0946— 
481 235— 9203 — 
145-— 809+ 
3 026+ 
June 21 


12-2622 743+ 0-9967 9899+ 
3-6624 768+ 0-0007 7892— 


3704 250-— 14 3533— 
451 052-— 5905 — 
15 447+ 1359+ 
3 937+ 
June 22 


1S*5 593-7 0:994573929 
2:7944 574+ 0-0037 7229— 


4925 231- 15 3016— 
350 384— 343 -— 
36 000+ 1609+ 
Shae: 
June 23 


17-7819 666+ 0-9892 4949+ 
1:7202 496+ 0-0067 7849— 


5729 166— 14 4444— 
176 825= 6224+ 
52 154+ 1445+ 

338+ 
June 24 


18-9168 663+ 0-9811 0326+ 
0-5423 959+ 0-0094 2280— 


5943 386— 1 7258— 
33 402+ 1 2085+ 
53 508+ 938+ 

TS 


Formula: Quantity in degrees = a) +a:p + ap’ + asp’ + a,p* + asp? 


where p is the fraction of a day from 0" TDT. 


D34 


Apparent 


104-9266 
14-5343 
2281 

391 

41 

2 


119-1980 
13-9784 
3180 

201 

53 

1 


132-8434 
13-3027 
3475 


45 
3 


145-8029 
12-6243 
6232 

152 

30 

2 


158-1219 
12-0341 
2622 

245 

15 

1 


169-9197 
11-5886 
1810 

290 

6 

1 


181-3568 
11-3155 
913 

304 


192-6114 
11-2240 
3 

299 

3 


Right Ascension 


201+ 
052+ 
190 
6354 
690+ 
594+ 


112+ 
D53ch 
741— 
2095 
837+ 
384— 


873+ 
569+ 
Sle 
676— 
862+ 
038— 


PES 
136+ 
663 — 
492+ 
102+ 
Sil 


51357 
647+ 
Glos 
288+ 
ODN 
924— 


729+ 
153+ 
563— 
175+ 
376+ 
157-— 


7144+ 
278+ 
340— 
333+ 
705+ 
718— 


ONE 
S2och 
889 — 
365ct 
092 
805 — 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 
Apparent Horizontal Apparent Apparent 
Declination Parallax Right Ascension Declination 
June 25 July 3 
18-8733 352+  0-9706 3810+ 203-8647 005+  5-6474 609-— 
0-6162 560— 0-0113 6791— 11-3114 414+  3-6960 288— 
5550 200— 7 5576— 867 569+ 1041 659+ 
218 662+ 1 5843+ 278 735+ 203 996+ 
38 6144+ 293+ 7 073= 3 844+ 
4 244-— 1 154— 557+ 
June 26 July 4 
17-7273 623+ 0-9586 7579+ 215-2899 495+ 9-2184 840-— 
1-6473 732— 0-0123 9242— 11-5651 687+  3-4246 825— 
4705 069— 2 6463— 1649 775+ 1682 308+ 
331 020+ 1 6967+ 238 630+ 224 610+ 
16 717+ 277 -— 12 910-— 6 764+ 
3 599— 1 634-— 17- 
June 27 July 5 
15-6438 960+ 0-9461 8563+ 227-0425 044+ 12-4518 001-- 
2-4841 920— 0-0124 2381— 11-9607 315+ 3-0181 420-— 
3647 714- 2 2656+ 2271 812+ 2396 568+ 
362 823+ 1 5789+ 170 535+ 250 994+ 
1 394- 655— 21 363— 6 799+ 
1 960— 1 847-— 878— 
June 28 July 6 
12-8308 796+ 0-9341 3971+ 239-2451 496+ 15-2045 938— 
3-1064 237— 0-0115 2325— 12-4567 866+ 2-4612 508— 
2587 178- 6 6039+ 2636 680+ 3181 564+ 
338 512+ 1 3111+ 67 005+ 268 834+ 
10 984— 829— 31 144-— 2 412+ 
456-— 1 186— 1 883— 
June 29 July 7 
9-4984 4524+ 0-9233 9967+ 251-9690 717+ 17-3207 518— 
3-5269 263— 0-0098 4230— 12-9911 762+ 1:7442 652-— 
1642 065— 10 0392+ 2638 886+ 3983 675+ 
290 565+ 9761+ 68 310— 259 263+ 
13 006— 855— 37 644-— 7 243-— 
482+ 753+ 2 582— 
June 30 July 8 
5-8351 165+ 0-9146 5036+ 265:2136 165+ 18-6417 057— 
3-7731 307-— 0-0075 7582-— 13-4837 825+ 0-8739 393-— 
843 556— 12 4563+ 2215 607+ 4692 118+ 
243 612+ 6329 + 209 872—- 204 597+ 
10 410— 805 — 33 932-— 20 613— 
907+ 3 386+ 2 376- 
July 1 July 9 
2:0010 411+ 0-9083 7541+ 278-8949 179+ 19-0282 725— 
3-8724 685— 0-0049 2688— 13-8520 645+ 0-1164 315+ 
166 087— 13 8743+ 1416 355+ 5158 413+ 
211 101+ 3110+ 310 843- 99 128+ 
5 752= 734- 16 275— 32 875— 
1 000+ 5 003+ 1 071- 
July 2 July 10 
1-8674 011— 0-9048 5972+ 292-8564 064+ 18-3894 814— 
3-8441 564— 0-0020 8808— 14-0380 730+ 1-1641 690+ 
442 721+ 14 3686+ 436 324+ $247 838+ 
198 023+ 178+ 326 339-— 42 076-— 
656— 674-— 9 666+ 38 213-— 
878+ 4 259+ 701+ 


Formula: Quantity in degrees = a +a:p + ap’ + asp’ + ayp* + asp° 
where p is the fraction of a day from 0° TDT. 


Horizontal 
Parallax 


0-9042 
0-0007 
14 


0-9063 
0-0034 
12 


0-9110 
0-0058 
11 


0353+ 
6400+ 
0188+ 
27s 

o295 


BIO Sah 
6709 + 
8878+ 
5037S 

582 


3762+ 
7023+ 
0296+ 
7382— 

505 


3194+ 
3445+ 
5161+ 
9429 — 

365— 


2007 + 
4021+ 
4755+ 
0916— 

141— 


9726+ 
0218+ 
12535 
1497 — 

156+ 


9855 + 
8854+ 
2209 
0868 — 

470+ 


6102+ 
3716+ 
ONG 
8948 — 

714+ 


Apparent 


Right Ascension 


306-9068 
14-0334 
442 

246 

31 

1 


320-8747 
13-8844 
976 

105 

39 


334-6548 
13-6728 
1063 

44 

35 

2 


348-2289 
13-4861 
743 

161 

23 

2 


1-6590 
13-3939 
145 

Doe, 

9 

2 


15-0617 
13-4353 
564 
235 


42-3280 
13-9012 
1593 

65 

37 

1 


704+ 
290+ 
078 — 
509 — 
Dailies 
740+ 


405+ 
308+ 
1265 
526— 
570+ 
788 — 


242+ 
599+ 
858— 
007+ 
084+ 
247— 


826+ 
994+ 
868 — 
538+ 
519+ 
Vk 


230+ 
052+ 
950— 
704+ 
528+ 
933 


582+ 
463+ 
482+ 
886+ 
470— 
17S 


710+ 
342+ 
528+ 
367+ 
676— 
052— 


280+ 
55DFr 
947+ 
900+ 
645 — 
801— 


Apparent 
Declination 


July 11 


16-7084 
2-1861 


874— 
806+ 
4899 397+ 
187 208— 
34 334— 
159332; 


July 12 
14-0543 281— 
3:0971 305+ 
4151 150+ 
305 094— 

24 275— 

2 130+ 


July 13 
10-5748 065— 
3-8271 867+ 
3111 541+ 
381 208— 
13 452— 
1 567+ 


July 14 
6:4757 750— 
4-3305 344+ 
1902 863+ 
419 757— 
5 689— 
840+ 


July 15 
1-9974 148— 
4-5833 240+ 
617 824+ 
434 336— 
ayes 
441+ 


July 16 
2-6041 306+ 
4-5761 226+ 
691 110— 
436 678— 
210+ 
627+ 


July 17 
7:0675 581+ 
4-3072 958+ 
1993 645— 
429 131— 
3 136+ 
1 388+ 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Horizontal 
Parallax 


° 


0-9651 
0-0084 
6 


9668 + 
5900+ 
4450— 
6031— 

1995 


Apparent 


Right Ascension 


° 


56-3913 
14-2238 


70-7552 
14-4847 
971 

277 

41 

4 


85-3057 
14-5816 
62 

395 

16 

6 


99-8405 
14-4470 
1285 
400 

16 

4 


114-1210 
14-0786 
2342 

290 

39 

1 


141-1754 
12-9270 
3077 

4] 

36 

2 


153-8023 
1253372 
2760 

162 

23 

2 


236+ 
596+ 
650+ 
003 — 
363 — 
WIR 


243+ 
111+ 
T47 + 
160— 
590- 
706+ 


058+ 
BlSck 
048— 
534— 
842— 
Sia 


319+ 
083+ 
833-— 
135-— 
193+ 
673+ 


301+ 
er 
346— 
599 
637+ 
174+ 


278+ 
009+ 
701— 
Si = 
761+ 
535= 


935+ 
334+ 
237-— 
249+ 
334+ 
457— 


158+ 
659+ 
123— 
164+ 
673+ 
isis 


Apparent 
Declination 


July 19 


14-5509 993+ 
3:0166 721+ 
4370 722— 
Site) IS 

Hpk, U3 as 

2 691+ 


July 20 
17-0992 779+ 
2:0513 239+ 
5224 743-— 
222 888— 

36 297+ 

1 679+ 


July 21 
18-6096 363+ 
0-9548 646+ 
5658 796— 
C2 MS Se 
44 966+ 
Se 


July 22 
18-9968 497+ 
0-1778 196— 
5580 759— 
111 286+ 
41 988+ 
21615 = 


July 23 
18-2760 202+ 
1-2450 985— 
5021 212— 
252 650+ 
28 265+ 
3307 


July 24 
16-5565 553+ 
2-1639 226— 

4127 398— 
B32 5395-5 
11 011+ 
Wy Woke — 


July 25 
14-0139 606+ 
2-8866 423— 

3091 438— 
349 866+ 
2 684— 
1 483-— 


July 26 
10-8527 443+ 
3-4017 841— 
2072 To 
324 953+ 
gy weyil— 
346— 


Formula: Quantity in degrees = a +ap+ ap +ap +ap' + asp 


where p is the fraction of a day from 0" TDT. 


D35 


Horizontal 
Parallax 


0-9843 
0-0034 
i 


0-9383 
0-0100 


— 


0-9285 
0-0094 


eb 


9456+ 
7978 — 
6895 — 
WB By—=— 

297 


3145+ 
5784 — 
O223= 
ploS 
605+ 


V2 23c 
5367 — 
8101— 
1956+ 

776+ 


6488 + 
2 i= 
7581 — 
5126+ 

Tooehs 


2196+ 
9358 — 
7744— 
8186+ 

S525 


3831+ 
8081 — 
D969— 
0409+ 

250+ 


6439+ 
5794 — 
2660+ 
1397+ 

60— 


4643 + 
6523 — 
6414+ 
1132+ 

309 


D36 


Right Ascension 


Apparent 


165-8819 
11-8422 
2153 

235) 

12 

1 


177-5336 
11-4867 
1383 

IP) 

5 


188-9097 
11-2935 
541 

285 


200-1776 
11-2708 
312 

281 

2) 


211-5075 
11-4161 
1131 

261 

7 

1 


223-0622 
11-7176 


234-9865 
12-1498 
2425 

149 

Me) 

1 


247-3914 
12-6698 
2720 

42 

31 


380+ 
850+ 
124— 
123% 
844+ 
475— 


198+ 
777+ 
643 — 
651+ 
o228 
943 — 


562+ 
821+ 
984 — 
427+ 
889+ 
Wt 


978+ 
004+ 
262+ 
2855 
Ge 
870— 


182+ 
871+ 
79955 
701+ 
058— 
266— 


D2 0R 
001+ 
863+ 
O35 
499 — 
TMole 


429+ 
UEMAr 
285+ 
B53) a0 
428— 
(EE 


643+ 
762+ 
760+ 
258+ 
Sb8) = 
893 — 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 

Apparent Horizontal Apparent Apparent 
Declination Parallax Right Ascension Declination 
July 27 August 4 
7-2751 504+ 0-9196 5357+ 260-3343 578+ 18-1687 198— 
3-7230 017—  0-0082 1536— 13-2134 806+ 1-2233 316— 
1161 032— 7 7906+ 2646 809+ 4349 890+ 
282 128+ 9871+ 93 260 238 975+ 
11 497— 473— 36 912— 9 622— 
403+ ih 233-5 Me 

July 28 August 5 
3-4631 489+ 0-9123 1124+ 273-7996 253+ 18-9344 001— 
3-8749 665— 0-0063 8006— 13-7007 188+ 0-2868 745— 
379 574— 10 4648+ 2157 891+ 4981 717+ 
240 396+ IEE sr 227 166— 173 344+ 
oF333 Dos 30 643— 23 130 
782+ 3 742+ 2 482— 

July 29 August 6 
0:4265 904— 0-9070 5158+ 287-6907 265+ 18-7083 918— 
3-8821 040—  0-0040 7100— 14-0537 621+ 0-7507 324+ 
293 464+ 12 5108+ 1330 060+ 5334 367+ 
210 959+ 5685+ 311 681— 54 315+ 
S310 620— hi M6 36 560— 
895+ 4 884+ 1 096— 

July 30 August 7 
4-2586 937— 0-9042 8231+ 301-8457 033+ 17-4225 S568— 
3-7618 004— 0-0014 2310— 14-2242 640+  1:8187 305+ 
903 444+ 13 8428+ Bie ail 5266 989+ 
198 612+ 3207+ 307 974— 101 799— 
: 739— 664— 14 130+ 42 054— 
802+ 3 667+ 804+ 

July 31 August 8 
7:9102 822— 0-9042 6891+ 316-0786 767+ 15-0914 323-— 
3-5214 229— 0-0014 1509+ 14-2148 085+  2-8251 708+ 
1502 887+ 14 4044+ 425 189— 4717 357+ 
203 498+ 554+ 216, 255= 261 142— 
3 388+ (P= 32 600+ Ove 
495+ 1 022-5 2 239+ 
August 1 August 9 
11:2606 781— 0-9071 2276+ 330-2327 030+ 11-8241 858— 
3-1581 937— 0-0042 8374+ 14-0784 425+  3-6763 406+ 
2138 687+ 14 1357+ 868 207— 3730 191+ 
221 661+ 2328— 76 966— SSOP 27 
6 007+ 1923— Si 257ek 26 108— 
90— 1358655 2rOSiet 
August 2 August 10 
14-1822 454— 0-9127 8886+ 344-2202 202+ 7:8160 958— 
2:6616 013—  0-0070 0934+ 13-8959 443+  4-2964 944+ 
2838 831+ 12 9602+ 889 O11— 2432 569+ 
244 270+ 5505 — 57 974+ 467 102-— 
5 683+ 854— 30 060+ 12 480— 
984— 2 S91 2 2913 
August 3 August 11 
16-5350 667— 0-9210 3063+ 358-0358 078+  3:3240 736— 
2:0187 739—  0-0094 0205+ 13-7462 625+ 4-6390 304+ 
3595 902+ 10 7964+ 560 690— 979 291 
256 569+ 8949 — 152 075+ 494 507— 
TSE 856— 16 800+ 1:028=— 
2 024— OT The 1 585+ 


Formula: Quantity in degrees = a) + ap + ap’ + ap? + a,p' + asp° 
where p is the fraction of a day from 0° TDT. 


Horizontal 
Parallax 


0-9879 
0-0075 
14 


0-9939 
0-0045 
15 


0-9969 
0-0014 
14 


1426+ 
3857 
6019+ 
2429 -— 

ps 


0143+ 
7686+ 
4457+ 
5416— 

407— 


6464+ 
8722+ 
4066— 
WMO3= 

126+ 


4144+ 
9786+ 
4415— 
6610— 

781+ 


3687+ 
4255+ 
9379— 
3423 — 
1361+ 


6501 + 
0678+ 
13985 
7854— 
1640+ 


9567 + 
0887+ 
S65 
1S 9 
1496+ 


5627+ 
3071+ 
9818— 
4912+ 

OOS rT 


Apparent 


Right Ascension 


11-7425 
13-6849 
33 

189 

1 

7) 


25-4430 
13-7343 
515 

166 

13 

2 


39-2440 
13-8809 
910 

87 

2h 

1 


53-2218 
14-0775 
993 

36 

35 


67-3916 
14-2512 
673 

iW) 

34 

2 


81-6895 
14-3209 
30 

283 

19 

4 


95-9776 
14-2242 
952 

316 

3 

4 


110-0758 
13-9423 
1838 

261 

24 

1 


910+ 
782+ 
476— 
505+ 
1395%- 
968 — 


492+ 
467+ 
Teen 
OOF 
343 — 
654— 


692+ 
Pilate 
017+ 
652+ 
049 — 
676— 


9125; 
714+ 
842+ 
154— 
90555 
309+ 


TAGE = 
887+ 
018+ 
242— 
421— 
856+ 


815+ 
813+ 
594— 
436— 
ple 
518+ 


599RF 
832+ 
floss 
DSi 
917+ 
072+ 


128+ 
676+ 
184— 
BE) 
590+ 
OBS ats 


Apparent 
Declination 


August 12 


1-3634 909+ 
4-6869 171+ 
494 579— 
483 074— 

6 726+ 

1 054+ 


August 13 
5-9534 206+ 
4-4462 961+ 

1892 943— 
445 691— 
11 784+ 
957+ 


August 14 
10-1671 274+ 
32939 18,925. 4 
Se) Y= 
388 843— 

16 469+ 

1 217+ 


August 15 
13-7542 284+ 
3-1997 845+ 
4205 283— 
310 692— 

22 678+ 

1 416+ 


August 16 
16-5048 248+ 
227520993. 
4987 083— 
206 045— 

30 064+ 

1 032+ 


August 17 
18-2639 209+ 
1-2286 096+ 
5414 480— 
76 106— 

35 459+ 

84— 


August 18 
18-9470 094+ 
0-1370 219+ 
5430 894— 
64 128+ 

34 969+ 

1 428— 


August 19 
18-5507 088+ 
0:9166 457— 
5043 019— 
189 253+ 

27 AO se 
22S ee 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Horizontal 
Parallax 


° 


0-9969 
0-0013 
12 


4786+ 
7848 — 
9309= 
8900+ 

349+ 


6879 + 
8370— 
0686 — 
0240+ 

213- 


7851+ 
9876 — 
1344— 
9306+ 

546— 


else 
6836 — 
6730— 
7043 + 

623 


8244+ 
1663— 
9301 — 
4498+ 

494— 


1285+ 
8746 — 
8693 — 
2501+ 

247— 


6100+ 
9618 — 
Xoo 
1518+ 

25+ 


5435+ 
0142— 
819 — 
1643+ 
244+ 


Apparent 


Right Ascension 


123-8108 
13-5071 


758+ 
toile 
2455 529— 
144 969— 
539185 
315 


137-0613 
12985925 lect 
2690 192— 
SAT 
3197834 

1 548— 


009 + 


149-7799 
12-4558 


131+ 
741+ 
556— 
98 370+ 
23 644+ 
1 737- 


161-9923 
11-9830 


594+ 
634+ 
2134 984— 
EY IR Ka 
14 799+ 
1 388- 


173-7808 
11-6140 


431+ 
256+ 
1532 754-— 
221 329+ 

7 838+ 
959 — 


185-2644 
11-3765 


142+ 
299 + 
831 329-— 
243 242+ 

3 071+ 
693 — 


196-5823 732+ 
11-2841 185+ 
90 110- 

248 613+ 
354— 

662 — 


207-8822 403+ 
11-3402 074+ 
646 975+ 

240 466+ 

3 650— 

854— 


Apparent 
Declination 


August 20 


17-1512 124+ 
1-8585 952— 
4332 756— 
276 778+ 

15 942+ 

2, 236— 


August 21 
14-8883 900+ 
2-6368 537— 
3429 153- 
318 520+ 

4 622+ 
1629 


August 22 
11-9407 724+ 
3-2260 928— 
2462 141- 
321 164+ 
359005 

850— 


August 23 
8-5001 469+ 
3-6239 958— 

1528 131- 
299 050+ 
7 660— 
182— 


August 24 
4-7524 589+ 
3-8430 614— 

678 742— 
266 864+ 
8 467— 
280+ 


August 25 
0-8673 909+ 
3:90199973— 

73 862+ 
235 950+ 
6 973— 
543+ 


August 26 
3-0042 681— 
3-8189 572— 

745 323+ 
213 545+ 
4 171- 
634+ 


August 27 
6°7276 921— 
3-6071 803— 

1367 293+ 
203 157+ 
907— 
DOOd: 


Formula: Quantity in degrees = a tapt+map +ap + ap'+asp 
where p is the fraction of a day from 0" TDT. 


D37 


Horizontal 
Parallax 


0-9446 
0-0083 


0-9363 
0-0083 


0-9021 
0-0006 
12 


9361+ 
9874 — 
1389— 
2656+ 

363+ 


INUIT e 
32305 
8759+ 
4143+ 
. 368+ 


1158+ 
1807— 
S32 
5642+ 

21D ste 


8643 + 
7023 — 
1924+ 
6769+ 

13358 


0446+ 
P33ia 
2976+ 
7300+ 

SH 


8353+ 
4610— 
4642+ 
Tag lts 

186— 


Soy IIar 
4556— 
4996+ 
6423+ 

Sys 


1908 + 
6596 — 
2272+ 
S122 

458 — 


MOON, 1998 


DAILY POLYNOMIAL COEFFICIENTS 


D38 
Apparent Apparent Horizontal 
Right Ascension Declination Parallax 
August 28 
a) 219-3107 414+ 10-1778 624— 0-9027 2247+ 
a, 11-5398 549+ 3-2728 596— 0-0019 1481+ 
a 1337 920+ 1976 900+ 13 4845+ 
a 2A One 204 924+ 3296+ 
as dE O33 1 980+ 600— 
as ay 279+ 
August 29 
a 231-0051 901+ 13-2323 136— 0-9060 1270+ 
a 11-8688 132+ 2-8150 712— 0-0046 8660+ 
a 1929 843+ 2606 364+ 14 1081+ 
a 173 448+ 215 330+ 905 + 
ay 157992 3 492+ MSH = 
as 1 406—- 243 — 
August 30 
a) 243-0827 926+ 15-7648 905— 0-9121 1148+ 
a; 12-3005 167+ 2-2279 250— 0-0075 0470+ 
a 2352 118+ 3270 888+ 13 9136+ 
as 103 564+ 226 428+ 2IST— 
a 2A 50— 2 364+ i 
as SOS 1002 = 
August 31 
ay 255-6266 239+ 17:6429 478— 0-9209 7640+ 
a, 12-7928 781+ 11-5053 756— 0-0101 8442+ 
a 2922 MOT 3954 331+ 12 6868+ 
a 6 946+ 22989 \ar 5996 — 
as 27 694— 2 671= 133 = 
as 139= test 
September 1 
a 268-6696 930+ 18-7308 013— 0-9323 5815+ 
a, 13-2883 764+ 0-6488 764— 0-0124 9633+ 
a 2376 040+ 4596 140+ 10 2020+ 
a; 104 196— 196 101+ 0595 
ay 281637 — 12. 036= 1085 
ds 1 644+ POLO ae 
September 2 
ad) 282-1825 544+ 18-9018 934— 0-9457 5639+ 
a; 13-7216 942+ 0-3231 866+ 0-0141 6944+ 
a 1908 088+ 5088 554+ 6 2865+ 
a 20 S72 124 447+ 1 5624-— 
ay 20 186— 24 199— 1120— 
as 3 304+ 2 180-— 
September 3 
a) 296-0732 320+ 18-0600 446— 0-9603 8704+ 
a, 14-0364 781+ 1-3674 629+ 0-0149 1314+ 
a 1219 O77 5294 851+ 9417+ 
as 248 871— 6 436+ 220282 — 
ay 3 034—- 35 415-— 659— 
as 3 1652-- tol 
September 4 
ay 310-2064 824+ 16-1661 106— 0-9751 8546+ 
a, 14-2056 229+ 2:4136 192+ 0-0144 6811+ 
a 487 741+ 5090 042+ 5 4966— 
as pap yey OI a 145 952— 2 2986— 
as to w/Sy et 41 328- 200+ 
as 2 328+ 370+ 


Apparent 


Right Ascension 
September 5 


324-4401 633+ 
14-2430 595+ 
70 246-— 

140 211% 

27 378+ 

179+ 


338-6649 
14-1979 855+ 
324 886— 
29957 — 

27 906+ 

1 670— 


329+ 


352-8300 
14-1343 471+ 
264 090— 

64 384+ 

19 149+ 

2 704— 


576+ 


785 + 
514+ 
16 853+ 
790+ 
5 286+ 
2 974— 


21-0665 
14-1452 


255+ 
871+ 
360 140+ 
105 446+ 
9 943— 
2 S01= 


30-2571 
14-2436 


207+ 
922>- 
130+ 
770+ 
23 avi 

1 349— 


49-5615 
14-3642 062+ 
560 830+ 

64 272— 

30 248— 
656+ 


502+ 


63-9724 
14-4453 


O29F- 
213+ 
193 084+ 
177 495— 
26 861— 

2 788+ 


Apparent 
Declination 


13-2621 782— 
3-3714 973+ 
4407 929+ 
306 706— 
52310 — 
L855 


September 6 


9-4843 101— 
4-1462 520+ 
3270 175+ 
445 056— 
29 851— 

2 838+ 


September 7 


5-0582 475— 
4-6562 490+ 
1784 314+ 
535 907-— 
15 394-— 

3 119+ 


September 8 


0-2783 853— 
4-8477 412+ 
11S 442+ 
566 472— 
379+ 

2 788+ 


September 9 


4-5245 696+ 
4-7024 327+ 
F553 822— 
537 443— 
14 350+ 

2 148+ 


September 10 


9:0195 256+ 
4-2372 487+ 
3058 S78 — 
458 951— 
25) 053-— 

1 480+ 


September 11 


12-9076 747+ 
3-4986 083+ 
4270 310— 
344 330— 

32 466+ 
811+ 


September 12 


15-9481 466+ 
2-5546 379+ 
SLOO WSL 
206 837— 

36 589+ 

9— 


Formula: Quantity in degrees = a) + a:p + ap? + asp’ + ayp* + asp” 
where p is the fraction of a day from 0° TDT. 


Horizontal 
Parallax 


1-0001 
0-0096 
18 

1 


1-0078 
0-0055 
21 


1-0111 
0-0011 
De 


0-9866 
0-0108 
4 
1 


7604+ 

716+ 
2388 — 
MINT 
1305+ 


3021+ 
2514+ 
0915— 
6878 — 
Pein 


0015+ 
See 
HII0= 
7549 — 
2663 + 


6485 + 
1577+ 
4583 — 
3341+ 
2219" 


9098 + 
8444— 
1180— 
257 a-F 
1322=- 


3370+ 
7791—- 
5856— 
7834+ 

234+ 


7790+ 
S073= 
lS 
8649+ 

603 — 


0551-5 
3967— 
9015= 
6105+ 
1031— 


Apparent 
Right Ascension 


78-4169 
14-4213 
472 

256 

12) 

3 


92-7645 
14-2468 
IDA 
267 

0 

3 


106-8579 
138-9155 
2004 

207 

73} 

1 


120-5547 
13-4623 
2475 

102 

aS 


133-7620 
12-9478 
2612 

9 

26 

if 


146-4520 
12-4378 
2440 

101 

19 

1 


158-6577 
11-9870 


170-4586 
11-6330 
1485 

199 

5 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Apparent Horizontal 
Declination Parallax 

September 13 
258+ 17-9757 197+ 0-9755 1643+ 
402+  1-4871 387+ 0-0113 7811— 
616— 5501 460— 6906 — 
469 — 61 116— 1 1882+ 
Byf— 36 541+ 1092— 
840+ 959— 

September 14 
088+ 18-9101 590+ 0-9641 7717+ 
647+  0-3826 478+ 0-0112 0347- 
509 — 5475 176-— 2 2243+ 
Wis 75 026+ 7460+ 
486+ SIS S2-4 Se 
tee i WilS= 

September 15 
061+ 18-7557 785+ 0-9532 6160+ 
852+  0-6781 043— 0-0105 7135— 
649 — 5077 786— Be9252-- 
ol5= 184 069+ 3787+ 
259-7 22 10s 622— 
271+ 1eo50 = 

September 16 
179+ 17-5903 846+ 0-9431 1423+ 
082+  1-6303 075— 0-0096 9797— 
284 — 4408 483— 4 6957+ 
868 — 255 804+ 1303+ 
284+ 12 860+ 310— 
472— 1 666— 

September 17 
920+ 15-5459 286+ 0-9338 9576+ 
671+ 2-4309 516— 0-0087 3213-— 
986 — 3580 580— 4 9090+ 
017+ 290 882+ 81+ 
469+ 4 502+ 36-— 
509 — isi 

September 18 
721+ 12-7863 442+ 0-9256 5498+ 
779+  3-0585 671— 0-0077 4932-— 
866— 2692 221— 4 9181+ 
USifar 297 882+ a 
314+ 1 095= 167+ 
473— 608 — 

September 19 
612+ 9-4881 729+ 0-9183 9877+ 
351+ 3-5083 885— 0-0067 6011— 
33 — 1S 217 — 5 0111+ 
824+ 287 643+ 661+ 
813+ 4 062— 284+ 
Wo= Dy 

September 20 
088+  5:8269 988+ 0-9121 4921+ 
519+  3-7860 736—  0-0057 2671— 
788 — 974 852-— 5 3805+ 
487+ 269 335+ 1822+ 
875+ 57096= 3134 
329— 31+ 


Apparent 
Right Ascension 


181-9635 
11-3976 
860 

214 

1 


193-2967 
11-2904 
AA 

215 

1 


204-5874 
11-3121 
423 

205 

3 


215-9620 
11-4565 
1010 

183 

6 


2am S372 
11-7105 
1511 

148 

10 


239-4126 
12-0526 
1882 

96 

15 


251-6616 
12-4517 
2074 

29 

18 


264-3218 
12-8677 
2047 

46 

19 


D39 
Apparent Horizontal 
Declination Parallax 

September 21 
352+ 1-9698 670+ 0-9069 8191+ 
759+  3-9022 660— 0-0045 8342— 
Si = 197, 097 6 1135+ 
841+ 249 351+ 3095 + 
730+ 4 884— 268+ 
S98 186+ 

September 22 
708+  1-9276 435— 0-9030 4347+ 
459+  3-8687 409— 0-0032 5714-— 
460— 33) alltel 7 1996+ 
835+ went AW et 4180+ 
252 — 5) Cy — 167+ 
530—- 264+ 

September 23 
760+  5-7212 257— 0-9005 4976+ 
387+  3-6959 547— 0-0016 8514— 
ete 1197 859+ 8 5493+ 
501+ 21S TS 4856+ 
910— 2 534— 29+ 
605— 261+ 

September 24 
361+  9-2757 506— 0-8997 6840+ 
676+ 3-3916 523—. 0-0001 7156+ . 
201+ 1841 416+ 10 0183+ 
HBS 211 120+ 4978+ 
986— 1 163— 134— 
753— 153% 

September 25 
234+ 12-4622 504— 0-9009 9023+ 
575+  2-9604 223— 0-0023 1924+ 
938+ 2469 336+ 11 4259+ 
224+ 207 851+ 4453+ 
865 — 328— S19= 
$39 ol 

September 26 
267+ 15-1549 960— 0-9044 9340+ 
472+ 2-4043 772— 0-0047 2523+ 
995-5 3090 018+ 12 5633+ 
482+ 205 406+ 3187+ 
266 — Pik 536— 
668 — 474— 

September 27 
282+ 17-2299 504— 0-9105 0146+ 
514+ 1-7252 781— 0-0073 1204+ 
124+ 3697 169+ 13 1895+ 
095+ 197 S10- 1055+ 
863 — 3) 07A= (93 
65— 941— 

September 28 
088+ 18-5661 616— 0-9191 3507+ 
285+  0-9282 902— 0-0099 4987+ 
550+ 4261 864+ S022 6 
422— 175 581+ 2109— 
369 — Weyl 1083 — 
947+ ie6l— 


Formula: Quantity in degrees = a) taip + ap’ + asp’ + ap' + asp 
where p is the fraction of a day from 0" TDT. 


D40 


Right Ascension 
September 29 


Apparent 


° 


277-3878 079+ 
13-2560 389+ 
1801 534+ 
113 843— 

14 591-— 

1 981+ 


290-8113 
13:5773 


549+ 
474+ 
1392753015 
152 143-— 
4 403— 
2 427+ 


304-5125 
13-8096 


206+ 
165+ 
93397 62-4 
145 778— 
8 059+ 
1 906+ 


318-4619 
13-9568 106+ 
563 852+ 
959229 

17 741+ 

604+ 


320+ 


332-4074 
14-0484 087+ 
390 623+ 
192i 

20 675+ 

939 


394+ 


346-4949 
14-1285 


714+ 
945+ 
862+ 
53 415+ 
15 748+ 
2 264-— 


0-6750 
14-2393 577+ 
679 894+ 

93 294+ 

4 094+ 

ah Uey/— 


420+ 


14-9918 
14-4034 192+ 
953° 39075 

78 830+ 

11 847—- 

3 065— 


192-5 


Apparent 
Declination 


19 -Q5116' 255+ 
0-0270 522— 
4728 OSS+ 
130 565+ 
149/59 
15/6 


September 30 


18-5944 472— 
0-9510 448+ 
5015 536+ 
55 908+ 

22 Gl 
i479 


October 1 
17-1386 820-— 
1-9610 813+ 
5031 887+ 

49 666-— 

30 299-— 

1 046-— 


October 2 
14-6825 131-— 
2-9399 171+ 

4690 607+ 
180 870-— 

~ 35 688— 
270— 


October 3 
11-2952 181— 
3-8093 687+ 

3931 141+ 
325 658-— 
37 207- 
879+ 


October 4 
7:1289 339-— 
4-4834 580+ 

2739 703+ 
464 874-— 
32 892— 
2 302+ 


October 5 
2-4210 519— 
4-8799 323+ 

1170 768+ 
572 668— 
21 246- 
3 614+ 


October 6 
2:5169 271+ 
4-9355 949+ 

638 521- 
621 145— 
2'820— 
4 255+ 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Horizontal 
Parallax 


0-9303 5514+ 
0:0124 4751+ 
1S 7299-7 
6458 — 

1366— 


0-9438 9740+ 
0-0145 4509+ 
8 9681+ 

1 9S5—— 
1534— 


0415+ 
1782+ 
4 4574+ 
1 8246— 
1407— 


7118+ 
0553+ 
1 8412— 
2 4060— 
786— 


4414+ 
8396+ 
9 4938— 
2 7370= 
406+ 


0909 + 
8033 + 
17 4147-— 
2 5769= 
1921+ 


1-0154 0948+ 
0-0082 0127+ 
28; 9551'— 

1 7880— 
3157+ 


6800+ 
0031+ 
27 4153-— 
4892 — 
3478+ 


Apparent 


29-4969 
14-6114 
1088 

1 

27 

1 


44-2144 
14-8175 
908 

125 

36 

1 


59-1067 
14-9474 
321 

260 

31 

4 


74-0574 
14-9228 
608 

345 

10 

S 


88-8844 
14-6959 
1654 
335 

16 

3 


103-3833 
14-2727 
2526 

205) 

34 


117-3835 
13-7112 
3017 


130-7875 
13-0948 
3077 

45 

30 

2 


Right Ascension 


692+ 
768+ 
041+ 
581+" 
861— 
708— 


oan 
641+ 
452+ 
374—- 
920 
057+ 


363+ 
038+ 
372+ 
834-— 
391— 
035+ 


583+ 
902+ 
991-— 
418— 
192— 
162+ 


046+ 
690+ 
665 — 
439— 
486+ 
598+ 


716+ 
947+ 
095 — 
115- 
466+ 
760+ 


678+ 
048+ 
147- 
889— 
649 + 
385— 


953+ 
746+ 
8/8= 
406+ 
123% 
124— 


Apparent 
Declination 


October 7 


7:3266 988+ 
4-6225 460+ 
2476 267— 
SI) mI25— 
18 896+ 

3 838+ 


October 8 
11-6448 790+ 
3-9597 307+ 
4094 836-— 
477 028-— 

38 453+ 

2 349+ 


October 9 
15-1515 035+ 
3-0142 084+ 
5271 692-— 
300 981— 

50 335+ 
166+ 


October 10 
17-6134 947+ 
1-8897 905+ 
5870 998— 

99 184-— 

50 928+ 

1 936— 


October 11 
18-9111 663+ 
0-7052 377+ 

$882 416— 
84 507+ 
40 727+ 

3 083—- 


October 12 
19-0403 775+ 
0-4311 441— 

5415 433-— 
216 641+ 
24 843+ 
2 960-— 


October 13 
18-0915 426+ 
1-4407 798— 
4646 073-— 
286 945+ 

9 868+ 

2 019— 


October 14 
16-2156 349+ 
2:2809 716— 

3746 200-— 
306 843+ 
147- 
955— 


Formula: Quantity in degrees = a) + a:p + ap’ + asp’ + ayp* + asp° 
where p is the fraction of a day from 0° TDT. 


Horizontal 
Parallax 


1263+ 
9023 — 
8196— 
9333+ 
2705+ 


6081+ 
6591 — 
4407 -— 
0255+ 
1268+ 


6606 + 
9570— 
6467 — 
5228+ 

152— 


5643+ 
7442 — 
1993 
4430+ 
1095 


9543+ 
2526— 
5391 
9884+ 
1469— 


0041 + 
9536-- 
5461+ 
3908 + 
1422— 


8453+ 
2578 — 
8738+ 
8179+ 
11535 


1639+ 
77 
6464+ 
3561+ 

810— 


Apparent 
Right Ascension 


143-5820 230+ 
12-5039 090+ 
S28 — 
144 771+ 

19 186+ 

1 888— 


155-8239 
11-9976 


PAS 
280+ 
2251 686— 
202 951+ 
9 662+ 
16333> 


167-6175 
11-6113 


045+ 
748+ 
15935199 — 
228 538+ 

3 014+ 
Soi 


179-0921 
11-3610 


288 + 
740+ 
903 072— 
232 170+ 

132 
539 — 


190-3859 
11-2493 


306+ 
238+ 
219 845— 
221 382+ 

4 165— 
516— 


299-5 
454+ 
414 138+ 
199552343 

6 782— 
Sli 


201-6349 
11-2698 


212-9654 
11-4095 


162+ 
319+ 
966 291+ 
166 656+ 

9/20 = 
641— 


066+ 
784+ 
1401 497+ 
121 408+ 

13 069— 
578 — 


224-4872 
11-6485 


Formula: Quantity in degrees = a) +a:p + ap + asp’ + ayp' + asp 


Apparent 
Declination 


October 15 


13-5906 174+ 
2:9386 942 — 
2836 077— 
297 149+ 

4 751- 

190— 


October 16 
10-3975 362+ 
3-4187 603—- 

1975 017— 
276 471+ 
5 549- 
200+ 


October 17 
6:8083 863+ 
3-7329 419— 

1176 879— 
256 348+ 
4 444- 
314+ 


October 18 
2-9829 783+ 
3-8930 341-— 

431 352— 
241 689+ 
Dil 
269+ 


October 19 
0-9292 768— 
3-9077 898— 

279 520+ 
233 057+ 
1 430-— 
150+ 


October 20 
4-7859 369-— 
3-7824 657-— 

971 623+ 
228 755+ 
645— 

A 

October 21 
8-4484 298— 
3-5197 751— 

1653 982+ 
226 028+ 
636— 
184-— 


October 22 
11-7802 860— 
3-1215 173-— 

2326 410+ 
221 521+ 
1 537-— 
387— 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Horizontal 
Parallax 


0-9279 
0-0099 


5677+ 
4806 — 
2390+ 
330+ 
477— 


3114+ 
0942 — 
0610+ 
1560— 

188— 


1034+ 
SlS3— 
4875+ 
229 

43+ 


8507+ 
2104 — 
8311+ 
2098 — 

209+ 


2826+ 
0936 — 
3305+ 
237 

307+ 


4265+ 
6810— 
1441+ 
12+ 
S92 


9239 
2563 — 
3457+ 
1363+ 

289+ 


1785+ 
9597+ 
9247+ 
2538+ 

183+ 


Apparent 
Right Ascension 


236-2867 
11-9597 843+ 
1681 492+ 

63 554+ 

16 154— 

Wi fm 


109+ 


248-4193 
12-3085 751+ 
Wi 2s 931er 

4, SB 

17 477— 

470+ 


617+ 


260-9032 
12-6555 266+ 
1663 948+ 

67 651— 

iley 1G 

1 342+ 


360+ 


273-7170 
12-9626 


066+ 
is2s- 
1383 230+ 
114 657— 
8 374— 
159975 


286-8058 393+ 
13-2025 109+ 
1009 005+ 
128 160-— 

1 836+ 

2 043+ 


300-0968 227+ 
190+ 
984+ 
100 754— 
128226-4 


1 401+ 


13-4741 


327-0377 
13558713154 
444 639+ 

41 276+ 

20 875+ 

832— 


293 + 


Apparent 
Declination 


October 23 


14-6472 026— 
25905 875— 
2977 884+ 
211 388+ 

3 470— 
589 


October 24 
16-9192 689— 
1:9332 774- 
3585 330+ 
191 531+ 

6 443— 

738= 


October 25 
18-4755 782— 
1-1616 980— 
4113 885+ 
158 366+ 

10 176- 
T= 


October 26 
19-2111 461— 
0-2958 688— 

4520 179+ 
109 962+ 
14 079- 
699 — 


October 27 
19-0454 786— 
0-6351 746+ 

4758 603+ 
46 712+ 
17 560— 

601-— 


October 28 
17-9315 886— 
1-5935 844+ 
4787 376+ 

29 533- 

20 521-— 
595 — 


October 29 
15-8643 314—- 
2:5336 937+ 

4569 697+ 
117 614- 
23 500-— 

682— 


October 30 
12-8878 476— 
3-4026 083+ 

4069 017+ 
218 397-— 
27 045— 
642 — 


5 


where p is the fraction of a day from 0" TDT. 


D41 


Horizontal 
Parallax 


0-9011 3350+ 
0-0028 6438+ 
8 7908+ 
3286+ 

20+ 


1002+ 
2193+ 
9 7821+ 
3384 -+- 

1935 


4207+ 
7216+ 
10 6732+ 
2628+ 

457— 


0:9185 0326+ 
0-0089 6736+ 
it 1775+ 
814+ 

7710- 


0-9285 8880+ 
0-0111 9646+ 
10 9487+ 
2263 — 

TS 


4633+ 
7362+ 
) See er 
6754— 
1440— 


9699 + 
3133+ 
6 6948+ 
ike Daxh— 
Lota 


5580+ 
2805 + 
1 9569+ 
Ose 
1429— 


D42 


Apparent 


340-6470 
13-6679 
685 

115 

16 

1 


354-3966 
13-8454 
1112 

161 

6 

3 


&-3698 
14-1176 
1607 
156 

g 

3 


22-6625 
14-4804 
1981 

80 

30 

3 


37-3458 
14-8869 
2004 

75 

49 


§2-4206 
15-2449 
1470 
280 

55 

4 


67-7795 
15-4348 
338 

458 

38 

i 


83-1999 
15-3557 
1156 
512 

8 

i] 


Right Ascension 


566+ 
748+ 
376+ 
780+ 
639+ 
980— 


129+ 
484+ 
214 
868+ 
655+ 
13 


744+ 
561+ 
021+ 
798+ 
PE 
994— 


894+ 
087+ 
925+ 
107+ 
035— 
G93 — 


284+ 
686+ 
917+ 
35) = 
IBM 
941— 


837+ 
(ayer 
843+ 
ODT a 
004 — 
051+ 


585+ 
952+ 
695+ 
260— 
446— 
977+ 


504+ 
656+ 
700— 
702— 
Seite 
185+ 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Apparent Horizontal 
Declination Parallax 
October 31 


9-1029 460— 0-9862 7336+ 
4-1397 541+ 0-0155 8647+ 


3245 085+ 4 6338—- 

832675 = 2 Ss — 

30 562— 677—- 
T= 


November 1 


4-6750 168— 1-0011 3856+ 
4-6766 968+ 0-0138 7915+ 


2062 658+ 12 5316— 

459 12 ZS) — 
S419 = 691+ 
1 256+ 


November 2 


0:1594 184+ 1-0134 9158+ 
4-9407 577+ 0-0105 6078+ 


pail 33755 20 4636— 

567 068— DeOoiy 
we) SAD 2336+ 
3129275 


November 3 


5-0933(993-+ 401-0217 7723+ 
4-8664 214+ 0-0058 0519+ 


1298 880— 26 5897— 

634 390- 1 5605— 
8 588— 3547+ 
5 198+ 


November 4 


9-7661 547+ 1:0248 0288+ 
4-4154 924+ 00-0001 6122+ 


3201 484— 29" 1392 — 

616 539= 1009— 
18 241+ 3666 + 
5 644+ 


November 5 


13-8022 333+ 1-0220 7675+ 
3-6003 500+ 0-0055 5005— 


4885 069— on 2130 
488 301— 1 3965+ 
47 489+ 2622+ 

3 625+ 


November 6 


16-8703 578+ 1-0139 6519+ 
2:4976 496+ 0-0104 8091— 


6028 733-— 21 5606— 

264 325— 2 4512+ 

66 005+ 995s 
308 — 


November 7 


18-7452 712+ 1-0015 8329+ 
1-2388 492+ 0-0140 1793-— 


6428 863— 13 6550— 
5 404— 2 8346+ 
63 762+ 469 — 

8 863= 


Apparent 


98-3903 
14-9776 
2574. 
409 

45 

2 


113-0746 
14-3598 
3503 

205 

56 

1 


127-0690 
13-6193 
3796 

8 

47 

3) 


140-3135 
12-8783 
3537 

157 

29 

3 


152-8565 
12-2284 
2918 

245 

13 

2 


164-8189 
11-7228 
2120 

280 

8 

1 


176-3580 
11-3837 
1269 

283 

2 


187-6429 
11-2137 
439 

267 

5 


474+ 
147+ 
685 — 
301—- 
126+ 
558+ 


519+ 
120+ 
895 — 
669 — 
973+ 
749 — 


599+ 
451+ 
231- 
730+ 
065+ 
429 — 


185+ 
297+ 
037- 
872+ 
330+ 
072- 


574+ 
809+ 
190— 
041+ 
858+ 
054- 


039+ 
qo 
454— 
430+ 
670+ 
193 = 


217+ 
827+ 
068 — 
453+ 
193 
22 = 


514+ 
672+ 
083 — 
Sosa 
133 — 
Se 


Apparent 


Right Ascension Declination 


November 8 


19-3466 836+ 
0-0249 726— 
6101 298— 
210 346+ 

43 307+ 

4 994— 


November 9 
18-7364 471+ 
1-1673 012— 
5260 450— 

334 278+ 

17 688+ 

3 815-— 


November 10 
17-0779 160+ 
2:1139 380-— 

4189 637— 
367 990+ 
1 381- 
1 959= 


November 11 
14-5814 893+ 
2:8429 485— 

3112 496— 
344 774+ 
10 374- 
313- 


November 12 
11-4606 998+ 
3-3663 210-— 
2143 509— 

300 630+ 

11 649-— 

$11+ 


November 13 
7-9089 770+ 
3:7092 379— 

1306 375— 
259 305+ 
8 902- 
780+ 


° 


November 14 


4-0942 198+ 
3-8958 924— 
574 055— 
231 469+ 

4 892— 
2a 


November 15 


0-1636 524+ 
3-9428 560— 
98 290+ 
JAWS) (Usyilae 

1 185— 
505+ 


Formula: Quantity in degrees = a +a:p + ap’ + asp’ + ayp' + asp° 
where p is the fraction of a day from 0° TDT. 


Horizontal 
Parallax 


0-9543 
0-0154 
6 
1 


0-9397 
0-0136 
10 


0-9271 
0-0114 
11 


0-9169 
0-0090 
12 


0-9036 
09-0043 
10 


7861+ 
1745 — 
4604 — 
6259+ 
1348— 


6423+ 
S18 
5994+ 
0702+ 
1628— 


So: 
0003 — 
8363+ 
4099+ 
ANS 


4860+ 
7028 — 
1680+ 
8022+ 
i215 


6319+ 
4463 — 
8558+ 
3163+ 

881— 


2696+ 
1881— 
2858+ 
346— 
S45 


$2537: 
8998 — 
8459+ 
2626— 

SHIP 


OFT +. 
1204— 
8779+ 
3860 — 

o3= 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Apparent Apparent Horizontal 
Right Ascension Declination Parallax 
November 16 
198-8389 298+ 3-7475 376— 0-9004 3400+ 
11-2036 156+  3-8577 048— 0-0022 5595— 
323 090+ 753 391+ 9 6699+ 
238 535+ 219 171+ 4219— 
8)735= 1 393+ 88+ 
696 — 180+ 
November 17 
210-0977 648+  7-5078 289— 0-8991 0372+ 
11-3359 519+  3-6406 289— 0-0004 4502— 
979 305+ 1421 066+ 8 4612+ 
196 560+ 226 307+ 3854 — 
1253035 27335a5 227+ 
845— DN 
November 18 
221-5499 885+ 10-9835 087— 0-8994 6856+ 
11-5854 372+  3-2876 985— 0-0011 4069+ 
1486 680+ 2111 832+ 7 4439+ 
138 936+ 233 226+ 2928— 
16.718 1 266+ 316+ 
816— 645— 
November 19 
233-2962 338+ 14-0366 392— 0-9013 2752+ 
11-9173 590+  2-7951 805— 0-0025 5426+ 
1794 967+ 2812 657+ 6 7556+ 
64 189+ 231 629+ 1643— 
21 074— 1.997— 341+ 
359 1 011- 
November 20 
245-3973 651+ 16-5276 919— 0-9045 4431+ 
12-2870 012+ 2-1644 651— 0-0038 6971+ 
1857 456+ 3485 433+ 6 4654+ 
25) Vin 213 437+ 2o— 
Be Wik 7 163— 291+ 
633+ 1 168— 
November 21 
257-8655 519+ 18-3231 031— 0-9090 6091+ 
12-6426 284+  1-4067 964— 0-0051 6677+ 
1655 706+ 4071 066+ 6 5592+ 
108 550— 173 211+ 934+ 
20 014— 13 146— 161+ 
1 885+ 985— 
November 22 
270-6610 831+ 19-3068 849— 0-9148 9455+ 
12-9341 428+ 0-5463 701— 0-0065 1310+ 
1228 851+ 4501 962+ 6 9297+ 
169 258— 111 059+ 1603+ 
iKoy 252—= 18 159— 46— 
2 749+ 492— 
November 23 
283-7004 249+ 19-3938 181— 0-9221 1619+ 
13-1263 691+  0-3798 309+ 0-0079 4531+ 
686 497+ 4721 270+ 7 3745+ 
183 224— 33 819+ 1439+ 
3 763+ AY SI5=— 322— 
2 661+ 62+ 


Apparent 
Right Ascension Declination 


296-8777 
13-2115 
186 

142 

17 

1 


310-0955 
13-2138 
120 

57 

ws, 


323-2942 
13-1830 
135 


336-4711 
13-1805 
160 


349-6844 
13-2648 


16-6926 
13-8414 
2166 
220 

il/ 

4 


30-7706 


636+ 
356+ 
030+ 
132 
276+ 
661+ 


827+ 
414+ 
120— 
185— 
Ser 
S25 


7718+ 
298+ 
363—- 
464+ 
940+ 
817-— 


301+ 
632+ 
473+ 
543+ 
718+ 
682 — 


985 + 
658+ 
580+ 
076+ 
Bilats 
530= 


065+ 
S51 
206+ 
184+ 
609 + 
6/7— 


938+ 
Spy 
586+ 
246+ 
063 — 
760 — 


500+ 
417+ 
176+ 
663+ 
948 — 
598= 


Apparent 


November 24 


18-5405 296— 
1-3260 319+ 
4699 919+ 
47 694— 

20) 105 
351+ 


November 25 
16-7512 510— 
2-2438 389+ 
4439 708+ 

124 699— 

18 199— 

216+ 


November 26 
14-0777 095— 
3-0871 988+ 
3958 583+ 

195 579-— 

17 070- 

218— 


November 27 
10-6159 390— 
3-8133 045+ 

3267 228+ 
266 258— 
18 280-— 
613- 


November 28 
6:5044 267-— 
4-3792 545+ 

2352 597+ 
345 451-— 
21 652— 
532— 


November 29 
1-9266 760— 
4-7372 131+ 

1180 943+ 
436 803— 
24 766— 
449+ 


November 30 


2°8825 194+ 
4-8326 810+ 
273 641—- 
550°202— 
22 942— 

2 493+ 


December 1 
7-6327 712+ 
4-6109 650+ 

1976 964—- 
595 599— 
10 444-— 
5 032+ 


Formula: Quantity in degrees = a) tap + ap’ + asp + asp’ + asp 
where p is the fraction of a day from 0" TDT. 


D43 


Horizontal 
Parallax 


0-9308 
0-0094 
7 


0-9410 
0-0109 
7 


0-9526 
0-0122 
5 


0-9654 
0-0132 
3 
1 


0-9788 
0-0134 
1 
1 


0-9920 
0-0126 
6 
2 


1-0037 
0-0106 
13 


1011+ 
5049 + 
6026+ 
162+ 
650— 


1598+ 
4987+ 
2506+ 
2442 — 

994 — 


5656+ 
8698 + 
9131+ 
6451 — 
128i 


5753+ 
2478+ 
2063+ 
1660— 
1384— 


7250+ 
6080+ 
1140- 
7342— 
IP re— 


SiO 
7249+ 
9698 — 
205i 

361— 


8880+ 
0310+ 
Die 
Sp 

888+ 


8912+ 
7934+ 
2609 — 
9996 — 
2266+ 


D44 


Apparent 


45-3758 
14-8795 
2695 
104 

65 


60-5077 
15-3605 
1980 
369 

69 

6 


76-0230 
15-6210 
ly 

582 

36 

10 


91-6351 
15-5408 
1337 
619 

20 

8 


106-9832 
15-1000 
2987 

456 

63 

1 


121-7453 
14-3916 
3961 

190 

69 

3 


135-7284 
13-5684 
4147 

54 

51 

4 


148-8923 
12-7736 
3719 

216 

28 

3} 


Right Ascension 
December 2 


410+ 
020+ 
235+ 
Sei 
667— 
605 — 


496+ 
184+ 
405+ 
The 
20D = 
200+ 


234+ 
624+ 
760+ 
309 — 
064 — 
806+ 


052+ 
966+ 
090— 
815— 
821+ 
394+ 


328+ 
522+ 
627-— 
349— 
124+ 
645+ 


642+ 
885+ 
726-— 
280-— 
716+ 
336-— 


901+ 
762+ 
847-— 
490+ 
616+ 
492— 


430+ 
554+ 
685 — 
92-3 
646+ 
453— 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Apparent 


Horizontal 


Declination Parallax 


° ° 


11-9859 388+ 1-0177 
4-0352 326+ 0-0026 
3775 969— 24 
586 319-— 1 

15 634+ 

6 388+ 


December 3 


15-5871 449+ 1-0178 
3-1135 887+ 0-0025 
S577 027— 26 

460 976— 

49 087+ 

4 563+ 


December 4 


18-1222 982+ 1-0127 


1:9218 011+ 0-0075 

6419 704— 23 

AOR WE i 
286307 
S02— 


December 5 


19-3871 869+  1-0029 
0-6002 318+ 0-0117 


6652 325— 17 
~ 63 166+ 2 
70 161+ 
4 886— 


December 6 


19-3350 302+ 0-9896 


0-6856 635-— 0-0146 
6090 946— 10 
294 229+ 2 
44 163+ 
6 093— 


December 7 


18-0735 019+ 0-9742 
1-8009 637—  0-0159 
5004 328— 
410 933+ 
PSRs 

4 291- 


Nw 


December 8 


15-8140 631+ 0-9582 


2:6755 185—  0-0157 
3736 815— 3 
421 207+ 1 

8 391-— 
1 751— 
December 9 

12-8059 696+ 0-9430 

3-3007 490— 0-0145 
2540 982-— 8 
371 186+ 1 

16 716— 
53+ 


6509 + 
1809+ 
8722 — 
0679 — 
3172+ 


2087 + 
4969 — 
1746— 
2346+ 
3121+ 


0839 + 
8927 — 
6283 — 
5066+ 
2139 


2832+ 
7740— 
8684 — 
3650+ 

736+ 


0794 + 
1220— 
3698 — 
6464+ 

492 — 


1847+ 
1202 — 
7488 — 
4321+ 
125 = 


6253+ 
S122 = 
8048 + 
9286+ 
1464— 


4002+ 
0026 — 
7149+ 
3358+ 
1378— 


Apparent 


161-3182 
12-1044 


173-1600 
11-6106 
1992 

323 

1 

1 


184-6038 
11-3090 
1026 

317 

4 


195-8414 
11-1969 
106 

293 

4 


207-0563 
11-2603 
721 

255 

11 


218-4131 
11-4763 
1411 
200 

16 

iL 


230-0489 
11-8116 
1902 

122 

22 

1 


242-0608 
12-2194 


083 + 
294+ 
3693 
440+ 
411+ 
060— 


599+ 
830+ 
367 — 
037+ 
284+ 
110- 


212 
798+ 
629 
307+ 
120— 
[i= 


907+ 
403+ 
549— 
698+ 
595— 
736= 


128+ 
337+ 
607+ 
805+ 
278— 
994— 


604+ 
881+ 
384+ 
615+ 
387— 
226- 


871+ 
819+ 
592+ 
905+ 
830-— 
065— 


AME 
084+ 
608+ 
472+ 
Sif 
143— 


Apparent 


Right Ascension Declination 


December 10 


9-2865 746+ 
3-7042 489— 
1527 142— 
305 3534 
16 102— 
906+ 


December 11 
5:4586 273+ 
3-9240 586— 

698 596— 
250 144+ 
1 363— 

1 122+ 


December 12 
1-4886 9944 
3-9927 188— 

5 100= 
215 848+ 
5 638— 
1 003+ 


December 13 
2-4834 082— 
3-9307 388— 

618 654+ 
203 147+ 
546— 
701+ 


December 14 
63319 514— 
3-7459 325— 

1231 839+ 
207 711+ 
3 035+ 
253+ 


December 15 
9-9336 001— 
3-4359 118— 

1875 722+ 
222 037+ 
4 372+ 
340— 


December 16 


131593°329= 
2:9925 786— 
2564 664+ 
235 730+ 

2 694+ 

1 020— 


December 17 


15-8717 047— 
2-4083 601— 
3277 801+ 
23909) 9 + 
2502 — 
Stele 


Formula: Quantity in degrees = a +aip + a@p> + asp’ + ayp* + asp° 
where p is the fraction of a day from 0° TDT. 


Horizontal 
Parallax 


° 


0-9295 
0-0124 
11 


0-9183 
0-0098 
13 


0-9099 
0-0070 
14 


0-9042 
0-0042 
13 


0-9012 
0-0016 
Ie 


0-9007 
0-0006 
10 


0-9024 
0-0026 
9 


0-9059 
0-0042 
7 


3106+ 
1165— 
9029+ 
7824+ 
1146- 


7648+ 
4217- 
5708+ 
3245+ 

886— 


1498+ 
6610— 
0200+ 
PE 
62 


4150+ 
9678— 
5490+ 
2885— 

454— 


6624+ 
9166= 
4169+ 
4694 — 

280— 


6653+ 
3972+ 
8461+ 
Ploy Oe 

16 


3159+ 
2997 + 
0383+ 
6273— 

46+ 


0311+ 
Sets 
1886+ 
6084 — 

1o/ee 


ao 
ay, 


MOON, 1998 
DAILY POLYNOMIAL COEFFICIENTS 


Apparent Apparent Horizontal 
Right Ascension Declination Parallax 
December 18 
254-4918 745+ 17-9290 960— 0-9108 1437+ 
12-6390 752+ 1-6838 016— 0-0055 1435+ 
2015 142+ 3954 806+ 5 4852+ 
93 275— 210 012+ §281— 
29 560-— 10 677-— 316+ 
1 531+ 1 726-— 
December 19 
267-3203 335+ 19-1976 561— 0-9168 2758+ 
13-0030 650+ 0-8349 701— 0-0064 6559+ 
1573 289+ 4503 482+ 4 0920+ 
195 250— 150 345+ 3992 — 
21 743-— 19 572-— 371+ 
3 217+ 1 207- 
December 20 
280-4593 498+ 19-5693 214— 0-9236 6616+ 
13-2520 597+ 0-1023 987+ 0-0071 7908+ 
889 322+ 4825 000+ 3 1158+ 
249 726-— 60 562+ 2474— 
5 097-— 25 413— 334+ 
3 801+ 198— 
December 21 
293-7752 395+ 18-9809 574-— 00-9311 3542+ 
13-3548 666+ 1-0751 846+ 0-0077 4141+ 
147 629+ 4850 453+ 2 5696+ 
232 652-— 43. 724— 1103— 
14 399+ 26 558— 191+ 
2 830+ 754+ 
December 22 
307-1233 268+ 17-4276 804— 0-9391 2466+ 
13-3217 697+ 2:0219 119+ 0-0082 2988+ 
435 630- 4567 506+ 2 3457+ 
147 782— 142 195— 312-— 
28 593+ 22 517= 50- 
1 000+ 1 139+ 
December 23 
320-3897 145+ 14-9653 752— 0-9475 8549+ 
13-2022 441+ 2-8843 169+ 0-0086 8767+ 
697 474- 4017 235+ 2 2128+ 
24 341-— 221 019— 499 — 
33 286+ 16 615-— 354-— 
634—-— 872+ 
December 24 
333-5230 424+ 11-7030 109— 0-9564 8591+ 
13-0684 436+ 3-6152 479+ 0-0091 0110+ 
577 172- 3263 217+ 1 8412+ 
101 900+ 279 104— 1925— 
29 798+ 12 211— 662— 
1 604— 252+ 
December 25 
346-5467 783+ 7:7905 476-—  0:9657 4526+ 
12-9946 960+ 4-1794 009+ 0-0093 8509+ 
108 748— 2355 134+ 8594+ 
204 721+ 325 744-— 4616— 
21 648+ 11 083— 891— 
2 156— 302-— 


Apparent 
Right Ascension Declination 


° 


359-5530 
13-0419 
613 

269 

10 

2 


12-6840 
13-2484 
1459 
284 

2 

3 


26-1062 
13-6226 
2257 
234 

aD, 

4 


39-9754 
14-1331 
2779 

98 

46 

3 


54-3913 
14-6980 
2755 
125 

68 


69-3455 
15-1843 
1971 
392 

67 

6 


84-6818 
15-4376 


208+ 
431+ 
742+ 
374+ 
923+ 
794— 


885+ 
752+ 
467+ 
565+ 
990 — 
Tis 


895+ 
488+ 
316+ 
278+ 
248— 
686— 


042+ 
541+ 
621+ 
915+ 
842— 
952— 


326+ 
453+ 
551+ 
524- 
253— 
257+ 


810+ 
sever 
990+ 
202— 
Dh i= 
963+ 


681+ 
ieee 
Ovi: 
341— 
001— 
YSZ 


Apparent 


December 26 


3-4093 461— 
4-5481 204+ 
1308 342+ 
373 141— 
12 875=— 
598 


December 27 
1-2309 671+ 
4-6924 985+ 

107 628+ 
428 202— 
15 271-— 

308+ 


December 28 
5-8899 118+ 
4-5796 107+ 

1265 590-— 
485 235— 
14 135- 
1 990+ 


December 29 
10-2932 256+ 
4-1762 659+ 
2786 211-— 

520 600— 

4 221- 

4 236+ 


December 30 
14-1388 119+ 
3-4632 748+ 

4330 863-— 
494 411- 
17 747+ 
5 556+ 


December 31 
17-1218 897+ 
2:4586 542+ 

5651 849— 
368 775— 
46 938+ 
4 003+ 


December 32 


13:9855— Dat 
1-2384 234+ 
6436 418— 
143 490— 

67 665+ 
423— 


Formula: Quantity in degrees = a +a;p + ap’ + asp) + ap' + asp 
where p is the fraction of a day from 0" TDT. 


D45 


Horizontal 
Parallax 


1-0036 
0-0026 
16 

1 


1-0044 
0-0009 
19 


1-0015 
0-0049 
19 


6122+ 
8279+ 
0614— 
8260— 

CB5= 


4592+ 
8527+ 
0921 
2108 — 

682 — 


9409 + 
7627+ 
1148— 
4947 — 

i= 


0864+ — 
0180+ 
6178— 
5310— 
802+ 


0359+ 
5106+ 
7022 — 
2046— 
1692+ 


8090+ 
8298 — 
2843 — 
5108 — 
Diets 


4068 + 
0388 — 
4827— 
4011+ 
2150+ 


D46 MOON, 1998 


NOTES AND FORMULAE 


Low-precision formulae for geocentric coordinates of the Moon 


The following formulae give approximate geocentric coordinates of the Moon. The 
errors will rarely exceed 0°3 in ecliptic longitude (A), 0°2 in ecliptic latitude (f), 0°003 
in horizontal parallax (z), 0°001 in semidiameter (SD), 0: 2 Earth radii in distance (r), 
0°3 in right ascension (a) and 0°2 in declination (6). 


On this page the time argument T is the number of Julian centuries from J2000-0. 
= (JD — 245 1545-0)/36 525 = (—731-:5 + day of year + UT/24)/36 525 
where day of year is given on pages B2—B3 and UT is the universal time in hours. 
A = 218°32 + 481 267°883 T 
+ 6°29 sin (134°9 + 477 198°85 T) — 1°27 sin (259°2 — 413 335°38 T) 
+ 0°66 sin (235°7 + 890 534°23 T) + 0°21 sin (269°9 + 954 397°70 T) 
— 0°19 sin (357°5 + 35 999°05 T) — 0°11 sin (186°6 + 966 404°05 T) 
B = +5°13 sin (93°3 + 483 202°03 T) + 0°28 sin (228°2 + 960 400°87 T) 
— 0°28 sin (318°3 + 6 003°18 T) — 0°17 sin (217°6 — 407 332°20 T) 
m= + 0°9508 
+ 0°0518 cos (134°9 + 477 198°85 T) + 0°0095 cos (259°2 — 413 335°38 T) 
+ 0°0078 cos (235°7 + 890 534°23 T) + 0°0028 cos (269°9 + 954 397°70 T) 
SD =0:2725 7 
fos) Sine 
Form the geocentric direction cosines (/, m, n) from: 
L-=COS Bp COs A 
m = +0-9175 cos B sin A — 0-3978 sin B 
n = +0-3978 cos sind +0-9175 sin B 
where | = cos6 cosa m= Coso sing n= sind 
Then « = tan~!(m/I) and 6 = sin”!(n) 
where the quadrant of « is determined by the signs of / and m, and where «, 6 are 
referred to the mean equator and equinox of date. 


Low-precision formulae for topocentric coordinates of the Moon 


The following formulae give approximate topocentric values of right ascension (a’), 
declination (0’), distance (r’), parallax (z’) and semi-diameter (SD’). 
Form the geocentric rectangular coordinates (x, y, z) from: 
x Srl. r cosd cosa 
y =rm=r coso sina 
Z=rn=risind 
Form the topocentric rectangular coordinates (x’, y’, z’) from: 
x’ =x—cos¢@’ cos 4 
y =y—cos@’ sin 0 
z =z—sind’ 
where ¢’ is the observer’s geocentric latitude and 9 is the local sidereal time. 
Oy = 100°46 + 36 000°77 T + 4’ + 15 UT 
where 1’ is the observer’s east longitude. 
Then Ye (Peete 2) ot ean “Ny 7 tend cesar (err) 
n' = sin ‘(1/r’) SD! = 0:2725z' 
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ey. MAJOR PLANETS, 1998 
NOTES AND FORMULAS 


Orbital elements 


The heliocentric osculating orbital elements for the Earth given on pages E3—E4 refer 
to the Earth/Moon barycenter. In ecliptic rectangular coordinates, the correction from the 
Earth/Moon barycenter to the Earth’s center is given by: 

(Earth’s center) = (Earth/Moon barycenter) — (0.000 0312 cos L, 0.000 0312 sin L, 0.0) 
where L= 218° + 481 268° 7, with T in Julian centuries from JD 245 1545.0 to 5 decimal 
places; the coordinates are in au and are referred to the mean equinox and ecliptic of date. 

Linear interpolation of the heliocentric osculating orbital elements usually leads to 
errors of about 1” or 2” in the geocentric positions of the Sun and planets: the errors may, 
however, reach about 7” for Venus at inferior conjunction and about 3” for Mars at 
opposition. 


Heliocentric coordinates 


The heliocentric ecliptic coordinates of the Earth may be obtained from the geocentric 
ecliptic coordinates of the Sun given on pages C4—C18 by adding +180° to the longitude, 
and reversing the sign of the latitude. 


Geocentric coordinates 


Precise values of apparent semidiameter and horizontal parallax may be computed 
from the formulas and values given on page E43. Values of apparent diameter are tabulated 
in the ephemerides for physical observations on pages E52 onwards. 


Times of transit, rising and setting 


Formulas for obtaining the universal times of transit, rising and setting of the 
planets are given on page E43. 


Ephemerides for physical observations 


Full descriptions of the quantities tabulated in the ephemerides for physical obser- 
vations of the planets are given in the Explanation (Section L). 


Invariable plane of the solar system 
Approximate coordinates of the north pole of the invariable plane for J2000.0 are: 
Oy S 2IGS.85.4n68 9, 66°.99 


0 0 


MAJOR PLANETS, 1998 E3 
HELIOCENTRIC OSCULATING ORBITAL ELEMENTS 
REFERRED TO THE MEAN ECLIPTIC AND EQUINOX OF J2000.0 
Julian Longitude Mean Daily Eccen- Mean 
Date Asc. Node | Perihelion Distance Motion tricity Longitude 
245 Q a n e Ib 
MERCURY © © ° ° ° 
0840.5 7.005 07 | 48.3333 77.4525 0.387 0972 | 4.092 362 0.205 6321 | 249.200 58 
1040.5 7.005 03 | 48.3321 77.4539 0.387 0992 | 4.092 331 0.205 6189 | 347.667 31 
VENUS 
0840.5 3.394 60 | 76.6870 | 131.558 0.723 3459 | 1.602 085 0.006 7929 | 133.279 01 
1040.5 3.394 60 | 76.6843 13392 0.723 3267 | 1.602 149 0.006 7693 93.705 18 
EARTH* 
0840.5 0.000 35 | 357.8 103.0458 1.000 0021 | 0.985 606 0 0.016 7091 | 126.103 77 
1040.5 0.000 25 6.7 102.9757 1.000 0037 | 0.985 603 7 0.016 7092 | 323.226 33 
MARS 
0840.5 1.84990 | 49.5629 | 336.0282 1.523 7118 | 0.524 022 4 0.093 4472 | 346.267 50 
1040.5 1.84992 | 49.5621 | 336.0002 1.523 6223 | 0.524 068 6 0.093 3682 91.081 47 
JUPITER 
0840.5 1.304 64 | 100.4719 15.7234 3720253) 0.083 097 75 | 0.048 4723 | 335.857 65 
1040.5 1.304 66 | 100.4730 15.6643 5.203 062 | 0.083 085 03 | 0.048 5533 | 352.476 27 
SATURN 
0840.5 2.485 25 | 113.6385 88.6386 985751603 2010332679259) 0053/6115 26.320 41 
1040.5 2.485 25 | 113.6407 88.5333 9.579 460 | 0.033 247 16 | 0.054 2006 33.025 42 
URANUS 
0840.5 OF773) 3 74.0835 174.8069 | 19.293 4] 0.011 630 54 | 0.042 7965 | 305.109 15 
1040.5 0.773 12 | 74.0624 | 173.6687 | 19.281 22 0.011 641 57 | 0.042 8246 | 307.503 68 
NEPTUNE 
0840.5 1.767 81 | 131.7947 11.805 30.245 94 0.005 925 360} 0.010 5844 | 300.875 39 
1040.5 1.767 48 | 131.7968 17.766 30.216 27 0.005 934 089 | 0.010 9036 | 302.131 58 
PLUTO 
0840.5 | 17.125 38 | 110.3691 | 224.7187 | 39.508 98 0.003 968 811 | 0.248 8085 | 236.400 88 
1040.5 | 17.131 10 | 110.3496 | 224.5869 | 39.424 46 0.003 981 580 | 0.247 2724 | 237.186 70 
HELIOCENTRIC COORDINATES AND VELOCITY COMPONENTS 
REFERRED TO THE MEAN EQUATOR AND EQUINOX OF J2000.0 
Zz x y Zz 
0840.5 |— 0.145 9144 |— 0.396 5980 |— 0.196 7114 | +0.021 066 10 | —0.005 793 47 | —0.005 279 58 
1040.5 |+ 0.326 5128 |— 0.192 2249 |— 0.136 5434 | +0.010 696 32 |+0.021 879 90 | +0.010 577 96 
VENUS 
0840.5 |— 0.491 7148 |+ 0.465 3399 |+ 0.240 4652 | —0.014 803 28 | —0.013 079 38 | —0.004 947 22 
1040.5 |— 0.040 1600 |+ 0.654 1473 | + 0.296 8289 | —0.020 264 07 |-—0.001 593 72 | +0.000 565 49 
EARTH* 
0840.5 |— 0.590 7818 |+ 0.722 7478} + 0.313 3545 | —0.014 043 94 | —0.009 53007 | —0.004 131 86 
1040.5 |+ 0.798 2476 |— 0.572 0166 | — 0.248 0029 | +0.010 309 96 | +0.012 380 83 | +0.005 367 81 
MARS 
0840.5 |+ 1.355 4077 |— 0.239 0479 | — 0.146 2927 | +0.003 344 84 | +0.013 583 26 | +0.006 139 76 
1040.5 |— 0.283 8625 |+ 1.422 9342 |+ 0.660 3306 | —0.013 237 60 |—0.001 31671 | —0.000 246 00 
JUPITER 
0840.5 |}+ 4.431540 |—- 2.115 383 |—- 1.014723 | +0.003 431 347 | +0.006 492 125 | +0.002 699 208 
1040.5 |+ 4.898 491 |— 0.737921 |-— 0.435 660 | +0.001 191 639 | +0.007 175 902 | +0.003 046 872 
SATURN 
0840.5 |+ 8.746 389 |+ 3.195 382 |+ 0.943594 | -—0.002 267 836 | +0.004 784 877) +0.002 073 861 
1040.5 |+ 8.230215 |+ 4.126846 |+ 1.350521 | —0.002 889 644 | +0.004 517 530] +0.001 990 173 
URANUS 
0840.5 | +12.413 74 —14.119 65 — 6.359 71 +0.003 042 965 | +0.002 108 867 | +0.000 880 474 
1040.5 | +13.012 58 =3,687821 — 6.178 81 +0.002 944 503 | +0.002 214 815] +0.000 928 295 
NEPTUNE 
0840.5 | +14.948 58 —24.093 42 —10.233 82 +0.002 708 665 | +0.001 489 595 | +0.000 542 408 
1040.5 | +15.486 83 PA INO) 23) —10.123 10 +0.002 673 468 | +0.001 542 122 | +0.000 564 804 
PLUTO 
0840.5 | -11.984 23 —27.111 36 — 4.848 07 +0.002 953 362 | —0.001 337 060} —0.001 305 421 
1040.5 | =11.391 19 =27.372 75 — 5.108 03 +0.002 976 608 | —0.001 276 964 | —0.001 294 212 


*Values labelled for the Earth are actually for the Earth/Moon barycenter (see note on page E2). 


Distances are in astronomical units. Velocity components are in astronomical units per day. 


E4 


Julian 
Date Date 

245 
MERCURY 
Jan. -13 0800.5 
Jan. 27 0840.5 
Mar. 8 0880.5 
Apr. 17 0920.5 
May 27 0960.5 
July 6 1000.5 
Aug. 15 1040.5 
Sept. 24 1080.5 
Nov. 3 1120.5 
Deccan is 1160.5 
Deckso3 1200.5 
VENUS 
Jan. —-13 0800.5 
Jan. 27 0840.5 
Mar. 8 0880.5 
(Apres E17) 0920.5 
May 27 0960.5 
July 6 1000.5 
Aug. 15 1040.5 
Sept. 24 1080.5 
Nov. 3 1120.5 
Dec. | 13 1160.5 
Deciass 1200.5 
EARTH* 
Jan. -13 0800.5 
Vane 0840.5 
Mar. 8 0880.5 
Apr. 17 0920.5 
May 27 0960.5 
July 6 1000.5 
Aug. 15 1040.5 
Sept. 24 1080.5 
Nov. 3 1120.5 
Decie 1s 1160.5 
Dee, 53 1200.5 
MARS 
Jan. -13 0800.5 
Vein. il 0840.5 
Mar. 8 0880.5 
Apr. 17 0920.5 
May 27 0960.5 
July 6 1000.5 
Aug. 15 1040.5 
Sept. 24 1080.5 
Nov. 3 1120.5 
Decoy 1s 1160.5 
Decuno. 1200.5 


, 


oosss sossso's 
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| 
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8497 
8498 
8498 
8498 
8498 
8498 


8498 
8498 
8498 
8498 
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INNER PLANETS, 1998 


HELIOCENTRIC OSCULATING ORBITAL ELEMENTS 
REFERRED TO THE MEAN ECLIPTIC AND EQUINOX OF DATE 


49.542 
49.542 
49.543 
49.544 
49.545 
49.546 


49,547 
49.548 
49.549 
49.550 
49.551 


77.424 
77.425 
77.427 
77.429 
77.431 
77.433 


77.435 
77.437 
77.437 
77.438 
77.439 


SBA) 
131.53 
131.36 
131.27 
131.28 
131.34 


Io Usa 
SESS 
131.30 
131.25 
131.26 


102.946 
103.019 
103.064 
103.040 
102.989 
102.968 


102.956 
102.973 
103.026 
103.059 
103.070 


336.019 
336.001 
335.982 
335.966 
335.963 
335.970 


335.981 
335.992 
336.001 
336.011 
336.019 


Mean Daily 
Distance Motion 
a n 
0.387 098 | 4.092 36 
0.387 097 | 4.Q92 36 
0.387 098 | 4.092 35 
0.387 098 | 4.092 35 
0.387 099 | 4.092 33 
0.387 099 | 4.092 33 
0.387 099 | 4.092 33 
0.387 099 | 4.092 33 
0.387 097 | 4.092 36 
0.387 098 | 4.092 35 
0.387 097 | 4.092 36 
0.723 334 | 1.602 12 
0.723 346 | 1.602 09 
0:723' 332) 1602 13 
0.723 325 | 1.602 16 
0.723.331 | 1160244 
0.723 328 | 1.602 14 
O5723°327 | 60215 
0272333410 1260213 
04723 8382+) 1260215 
0/723, 327.) %602. 15 
0.723 334 | 1.602 13 
0.999 998 | 0.985 612 
1.000 002 | 0.985 606 
1.000 016 | 0.985 586 
1.000 009 | 0.985 597 
0.999 993 | 0.985 620 
0.999 990 | 0.985 624 
1.000 004 | 0.985 604 
1.000 008 | 0.985 598 
0.999 991 | 0.985 623 
0.999 979 | 0.985 640 
0.999 987 | 0.985 628 
1.523 741 | 0.524 008 
1.523 712, |. 0.524 022 
1.523 651) |, 0524-054 
1.523 598 | 0.524 081 
1.523 582 | 0.524 089 
1.523 594 | 0.524 083 
1.523 622 | 0.524 069 
1.523 658 | 0.524 050 
1.523 688 | 0.524 034 
1.523 716 | 0.524 020 
1.523734 0.524011 


Eccen- 


tricity 
e 


0.205 633 
0.205 632 
0.205 627 
0.205 628 
0.205 619 
0.205 620 


0.205 619 
0.205 620 
0.205 626 
0.205 625 
0.205 628 


0.006 788 
0.006 793 
0.006 782 
0.006 780 
0.006 770 
0.006 767 


0.006 769 
0.006 779 
0.006 783 
0.006 785 
0.006 776 


0.016 707 
0.016 709 
0.016 717 
0.016 717 
0.016 723 
0.016 723 


0.016 709 
0.016 693 
0.016 677 
0.016 670 
0.016 678 


0.093 464 
0.093 447 
0.093 421 
0.093 402 
0.093 395 
0.093 384 


0.093 368 
0.093 347 
0.093329 
0.093 312 
0.093 297 


*Values labelled for the Earth are actually for the Earth/Moon barycenter (see note on page E2). 


FORMULAS 


Mean anomaly, 


M=L-®6 


Argument of perihelion, measured from node, @ = @ — Q 


True anomaly, 
True distance, 


v = M + (2e — e°/4) sin M + (5Se7/4) sin 2M + (13e7/12) sin 3M + ... 
r=a(l —e?)/(1 + e cos v) 


Mean 
Longitude 
Ib 


° 


85.4776 
249.1736 
52.8689 
216.5643 
20.2583 
183.9532 


347.6480 
151.3427 
315.0381 
118.7335 
282.4290 


69.1687 
13°25 2/1 
197.3366 
261.4243 
3255 119 

29.5982 


93.6859 
157.7727 
221.8587 
285.9459 
350.0326 


86.6486 
126.0768 
165.5027 
204.9277 
244.3540 
283.7811 


323.2070 
2.6307 
42.0552 
81.4821 
120.9093 


325.2819 
346.2406 
7.2013 
28.1649 
49.1303 
70.0965 


91.0622 
112.0269 
132.9898 
[53.9515 
174.9118 


in radians. 


Heliocentric rectangular coordinates, referred to the ecliptic of date, may be computed from these 


elements by: % 


y 


s 
“ 


r {cos (v + @) cos Q — sin (v + ®) cos i sin Q} 
r {cos (v + @) sin Q + sin (v + ®) cos i cos Q} 


r sin (v + @) sini 


OUTER PLANETS, 1998 JE) 


HELIOCENTRIC OSCULATING ORBITAL ELEMENTS 
REFERRED TO THE MEAN ECLIPTIC AND EQUINOX OF DATE 


oa Longitude Mean Daily Eccen- Mean 
Date ation |Asc. Node| Perihelion | Distance Motion tricity Longitude 
i Q 0) a n e 1b, 
JUPITER ° ° ° ° ° 
Jan. —13 1.3047 | 100.454 15.694 5.202 57 | 0.083 096 7 0.048 482 | 332.5060 
Jan. 27 1.3047 | 100.456 15.696 5.202 53 | 0.083 097 8 0.048 472 | 335.8307 
Mar. 8 1.3047 | 100.457 15.682 5.202 59 | 0.083 096 3 0.048 476 | 339.1552 
Apr. 17 1.3047 | 100.458 15.658 5.202 74 | 0.083 092 7 0.048 495 | 342.4799 
May 27 1.3047 | 100.459 15.643 5.202 92 | 0.083 088 5 0.048 524 | 345.8055 
July 6 1.3047 | 100.460 15.643 5.203 01 | 0.083 086 3 0.048 542 | 349.1314 
Aug. 15 1.3047 | 100.461 15.645 5.203 06 | 0.083 085 0 0.048 553 | 352.4570 
Sept. 24 1.3047 | 100.464 15.644 5.203 09 | 0.083 084 4 0.048 557 | 355.7818 
Nov. 3 1.3047 | 100.466 15.633 5.203 19 | 0.083 082 1 0.048 573 | 359.1062 
Decrans 1.3047 | 100.468 15.627 5.203 30 | 0.083 079 3 0.048 593 2.4308 
Dec: 53 1.3047 | 100.469 15.623 5.203 41 | 0.083 076 7 0.048 612 SIS95 
SATURN 
Jana b3 2.4854 | 113.614 88.624 DSS OSe 50083521082 0.053 513 24.9515 
Jan. 27 2.4854 | 113.617 88.612 9.575 60 | 0.033 267 3 0.053 612 26.2935 
Mar. 8 2.4854 | 113.618 88.591 9.576 24 | 0.033 263 9 0.053 708 27.6345 
Apr. 17 2.4854 | 113.620 88.558 9.577 02 | 0.033 259 9 0.053 812 28.9754 
May 27 2.4854 | 113.621 88.517 9.577 99 | 0.033 254 8 0.053 938 30.3177 
July 6 2.4853 | 113.623 88.503 9.578 82 | 0.033 250 5 0.054 071 31.6616 
Aug. 15 2.4853 | 113.625 88.514 9.579 46 | 0.033 247 2 0.054 201 33.0061 
Sept. 24 2.4853 | 113.628 88.549 9.579 88 | 0.033 245 0 0.054 320 34.3508 
Nov. 3 2.4853 | 113.630 88.584 9.580 32 | 0.033 242 7 0.054 437 35.6950 
Dec? #13 2.4853 | 113.632 88.626 9.580 78 | 0.033 240 3 0.054 563 37.0403 
Dec: 453 2.4853 | 113.634 88.682 9.581 18 | 0.033 238 2 0.054 691 38.3864 
URANUS 
Jans —13 0.7733 74.076 | 174.986 | 19.2957 | 0.011 6285 0.042 791 | 304.6038 
Jane 627, 0.7733 74.075 | 174.780 | 19.2934 | 0.011 6305 0.042 797 | 305.0822 
Mar. 8 0.7732 | 74.073 | 174.596 | 19.2916 | 0.011 6322 0.042 785 | 305.5610 
Apr. 17 0.7732 | 74.072 | 174.412 | 19.2899 | 0.011 6337 0.042 762 | 306.0410 
May 27 0.7732 74.066 | 174.185 | 19.2877 | 0.011 6357 0.042 748 | 306.5230 
July 6 0.7731 74.061 | 173.921 19.2847 | 0.011 6385 0.042 773 | 307.0043 
Aug. 15 0.7731 74.056 | 173.649 | 19.2812 | 0.011 641 6 0.042 825 | 307.4844 
Sept. 24 0.7731 74.055 | 173.390 | 19.2777 | 0.011 644 8 0.042 894 | 307.9626 
Nov. 3 0.7731 74.052 | 173.147 | 19.2745 | 0.011 6477 0.042 954 | 308.4408 
Dec. 3 0.7730 | 74.048 | 172.887 | 19.2709 | 0.011 6509 0.043 030 | 308.9195 
IDises 8) 0.7730 | 74.041 | 172.618 | 19.2670 | 0.011 6545 0.043 124 | 309.3976 
NEPTUNE 
Jan. —13 1.7680 | 131.772 10.67 30.2514 | 0.005 92377 | 0.010 543 | 300.5979 
Dane |. 1.7680 | 131.773 11.78 30.2459 | 0.005 925 36 | 0.010 584 | 300.8484 
Mar. 8 SHDN MEME 12.74 30.241 4 | 0.005 92670 | 0.010 643 | 301.0996 
Apr. 17 OVO MSU 76 13.68 302371 0.005 927 97 | 0.010717 | 301.3523 
May 27 1.7677 | 131.778 14.84 30.2315 | 0.005 929 61 | 0.010 800 | 301.6072 
July 6 1.7677 | 131.780 16.25 30.2242 | 0.005 931 75 | 0.010 860 | 301.8607 
Aug. 15 1.7676 | 131.781 IM tedhS 30.2163 | 0.005 93409 | 0.010 904 | 302.1123 
Sept. 24 rKoeah || Mae g rey? 19.21 30.208 3 | 0.005 936 44 | 0.010932 | 302.3615 
Nov. 3 L7G 18 187.83 20 rT 30.2009 | 0.005 938 62 | 0.010970 | 302.6109 
Dee? 13 Li7677e), W185 22.04 30.1927 | 0.005 941 03 | 0.011 010 | 302.8605 
Decs 2935 1.7676 | 131.786 23.60 30.1840 | 0.005 943 62 | 0.011 045 | 303.1092 
PLUTO 
Jane —13 17.1245 | 110.345 | 224.713 | 39.5236 | 0.003 966 60 | 0.249075 | 236.2157 
Jane 27, 17.1255 | 110.343 | 224.692 | 39.5090 | 0.003 968 81 | 0.248 809 | 236.3739 
Mar. 8 17.1264 | 110.341 | 224.674 | 39.4946 | 0.003 970 98 | 0.248545 | 236.5337 
Apr. 17 17.1273 | 110.340 | 224.657 | 39.4792 | 0.003 973 31 | 0.248 259 | 236.6947 
May 27 17.1283 | 110.337 | 224.634 | 39.4608 | 0.003 976 09 | 0.247921 | 236.8550 
July 6 17.1297 | 110.334 | 224.603 | 39.442 1 0.003 978 91 | 0.247 584 | 237.0121 
Aug. 15 17.1312 | 110.331 | 224.568 | 39.4245 | 0.003 98158 | 0.247 272 | 237.1674 
Sept. 24 17.1327 | 110.327 | 224.532 | 39.4090 | 0.003 983 93 | 0.247003 | 237.3215 
Nov. 3 17.1341 | 110.324 | 224.499 | 39.3940 | 0.003 986 20 | 0.246 740 | 237.4765 
Decals 17.1356 | 110.321 | 224.462 | 39.3782 | 0.003 988 60 | 0.246 466 | 237.6306 


17.1371 | 110.317 | 224.422 | 39.3627 | 0.003 990 96 | 0.246 201 | 237.7834 


E6 


MERCURY, 1998 


HELIOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


Date Longitude Latitude a Date Longitude Latitude a 
° , Ww ° / ” ° / WW ° / Ww 

Jan. 0 | 16145 15.4 | + 6 25 53.6 | 0.363 1479 | Feb. 15 | 3070004.1 | — 652 12.9 | 0.427 6582 
1 | 166 15°16.1 6 11 41.1 368 9447 16 | 310 20 27.0 6 5616.6 | .423 1244 
2 | 170 36 40.0 555 44.9 | .374 7523 17 | 313 45 19.4 6 58 58.9 418 3860 
3 | 174 49 50.6 3138 21-08) 380.5575 USS 7-15-0031 7 00 13.5 413 4551 
4 | 17855 12.8 5 19 43.8 | .386 2703 19 | 320 49 52.7 6 59 53.5 408 3456 
S) |) 182593 12.3) 9s 0010628 10.3915 9235 20 | 324 30 15.2 | — 65751.9 | 0.403 0727 
6 | 186 44 15.1 4 39 39.5 397 4728 21 | 328 16 30.6 6 54 00.9 .397 6539 
7 | 190 28 46.9 4 18 33.9 | .402 8962 22 | 332 09 00.9 6 48 12.4 | .392 1086 
8 | 194 07 13.2 3 56 58.2 | .408 1743 23 | 336 08 08.6 6 40 18.1 386 4585 
DWE USE SI) Sks7) 313500058 | 5.413 2895 24 | 340 14 16.4 6 3009.4 | .380 7281 
10 | 201 07 27.2 | +3 12 46.0 | 0.418 2266 25 | 344 27 46.4 | — 6 17 37.6 | 0.374 9442 
11 | 204 30 01.9 250 21,9 e422, 9716 26 | 348 49 00.4 6 02 34.5 .369 1370 
12 | 207 48 04.8 2 2752.8 | .427 5124 27% | W393! 181829 5 44 51.9 363 3395 
13) S20 ONS HE2 205 22.8 | .431 8383 28 | 357 56 01.0 5 24 23.1 357 5878 
14 | 214 11 59.2 1 42 55.7 435 9397 | Mar. 1 2 42 23.4 5 01 02.2 351 9214 
15 | 217 18 30.1 | + 1 20 34.7 | 0.439 8083 2 7 37 39.6 | — 4 3445.4 | 0.346 3830 
16 | 220 21 48.6 058 22.4 | .443 4367 3 12 41 59.0 4 05 31.7 .341 0182 
Ui 5223,2291 2.0 0 3621.3 | .446 8184 4 17 55 26.2 313332229 .335 8752 
18 | 226 1957.4 | +0 14 33.5 | .449 9478 5 23 17 595 2 58 25.0 | .331 0046 
19 | 229 15 20:9) | — 0 06.5937 | 452 8199 GF) 28°49 2919 2 20 48.7 .326 4582 
20 | 232 08 38.0.| — 0 28 15.5 | 0.455 4304 7 34 29 40.0 | — 1 4050.0 | 0.322 2883 
21 |) 235) 00103:5 0 49 13.7 | .457 7756 8 | 40 18 03.0 0 5850.6 | 318 5463 
22, || 237 49°59 1 09 52.5 459 8523 9) 46°14 02:2 | — 0: 15°17-8 315 2818 
23 | 240 38 17.0 130 10.9 | .461 6579 LONG 52, 16:49:90 Sis O29 15.2 312 5404 
24 | 243 25 32.4 1 50 07.6 | .463 1900 1] 58 25 28.0 1 14 10.4 310 3625 
25 | 246 1151.2 | — 209 41.6 | 0.464 4469 12 | 6438485 | + 1 58 46.3 | 0.308 7814 
26 | 248 57 26.3 2 2851.9 | .465 4269 13 | 7055 34.0 2 42 19.2 .307 8221 
21h |) 251642 30'2 2 47 37.5 .466 1291 14| 77 14 20.5 3 24 05.4 .307 5002 
28 | 254 27 15.4 SHO BRSIES: 466 5525 15} |) > 83 33 389 4 03 23.3 .307 8209 
ZONED 57 Ml dArs 3)23°503 .466 6968 16 | 8951 58.1 4 39 35.2 .308 7790 
30 | 259 56 39.0 | — 3 41 15.2 | 0.466 5617 17} 96 OF 4850) oe? SPT 2f09555 ~ || 0.310) 3589 
31 | 262 41 41.7 3 58 10.8 466 1474 18 | 102 19 42.6 5 40 41.6 312 5358 
Rebs sal | (265°27914:6 414 36.0 | .465 4544 19 | 108 26 22.0 6 04 54.7 315 2762 
2 | 268 13 30.1 4 30 29.1 464 4834 20 | 114 26 35.6 6 24 40.2 318 5397 
3 | 271 00 40.5 4 45 48.7 .463 2357 21 | 120 19 23.0 6 39 56.7 .322 2808 
4 | 273 48 58.5 | — 5 00 33.1 | 0.461 7125 22 | 12603 55.3 | + 6 5049.6 | 0.326 4499 
) | 27638369 5 14 40.4 | .459 9159 231 | S13 1639)34°9 657 2958 330 9957 
6 | 279 29 48.8 5 28 08.4 | .457 8481 24 | 13705 55.9 7 00 12.2 .335 8657 
UE PPPOE ES) 5 40 55.1 455 5116 25 | 142 22 42.6 6 59 14.8 341 0082 
8 | 285 17 47.0 DS 2IOT ey 452 9098 26 | 147 29 48.8 6 54 57.4 346 3726 
9 | 288 15 01.4 | — 6 04 13.7 | 0.450 0463 27 | 152 27 16.4 | + 6 4740.5 | 0.351 9108 
10 | 291 14 45.4 6 14 39.8 446 9253 28 | 157 15 14.0 6 37 44.4 351 S769 
11 | 294 17 14.4 6 24 12.7 443 5518 DOR oles) 55.9 6 25 29.0 .363 3285 
12 | 297 22 44.0 6 32 48.8 .439 9315 30 | 166 23 40.2 6 11 13.0 .369 1259 
13 | 300 31 30.6 6 40 23.9 | .436 0707 31 | 170 44 48.4 5} 30 MIS9 374 9331 
14 | 303 43 51.4 | — 6 4653.6 | 0.431 9768 | Apr. 1 | 17457 44.0 | +5 3747.5 | 0.380 7170 
15 | 30700 04.1 | — 6 52 12.9 10.427 6582 21 179 02 52.1 | +5 19 08.2 10.386 4476 


MERCURY, 1998 


HELIOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


B7 


Date Longitude Latitude vee Date Longitude Latitude wae 
fo} Ul Ww ° / vy fo) / Ww fo / ut 

Apr. 1 | 17457 44.0 | + 5 3747.5 | 0.380 7170 | May 17 | 317 21 46.9 |— 700 14.2 | 0.413 3027 
DA 7 SO S21 5 19 08.2 386 4476 18 | 320 56 48.3 6 59 51.2 408 1881 
3} 183 00 38.3 4 59 28.9 .392 0978 NOME S24 Bie DNeD, 6 57 46.3 402 9108 
4 | 186 51 28.6 4 39 00.9 397 6433 20 | 328 23 47.6 6 53 51.8 397 4880 
5 | 190 35 48.8 4 17 54.2 403 0623 21 | 332 16 29.7 6 47 59.5 391 9394 
6 | 194 1404.1 | + 3 5617.7 | 0.408 3355 22 | 336 15 49.8 | — 6 4001.2 | 0.386 2868 
7 | 197 46 39.4 3 34 18.9 413 4453 23 | 340 22 10.6 6 29 48.2 380 5545 
8 | 201 13 58.6 3 12 04.5 .418 3765 24 | 344 35 54.3 6 17 11.9 374 7698 
9 | 204 36 24.5 2 49 40.2 423 1152 QA. S48eo7 2205 6 02 03.9 368 9626 
10 | 207 54 19.4 2EDTMNOD 427 6495 26 | 353 26 56.0 5 44 16.4 363 1662 
11 | 21108 044 | +204 41.0 | 0.431 9684 27 | 358 0453.5 | — 5 23 42.3 | 0.357 4167 
12 | 214 17 59.6 1 42 14.0 436 0627 28 Zelesne, 5 00 16.0 Sole 7538 
13°) 217 24 24.4 [ML OF56%2 439 9239 29 7 47 04.0 4 33 53.9 346 2203 
LAS 22 OR 7EST 2 0 57 41.3 443 5447 30 12251397 4 04 34.7 340 8617 
Lele 22302 a SOKO 0 35 40.6 446 9186 31 18 05 23.3 3532207 335 7265 
16 | 226 25 36.4 | + 0 13 53.1 |0.450 0401 | June 1 23 28 12.6 | — 257 17.8 | 0.330 8651 
171} 229°20'5518¥ | — 0107 39.2 452 9041 2) 28 59 58.7 2 19 37.0 326 3295 
18 | 232 14 09.2 0 28 54.9 455 5064 3 34 40 23.8 1 39 34.3 3221720 
LOM P23 580503116 0 49 52.5 457 8433 4 40 29 00.8 OD731k6 318 4440 
ZOE 28760581 1.2 1 10 30.7 459 9117 5 46 25 12.6 | — 0 13 56.5 315 1948 
21 | 240 43 40.0 | — 1 30 48.4 | 0.461 7088 6 52 28 11.4 | + 0 30 37.6 | 0.312 4699 
22 | 243 30 53.5 1 50 44.4 .463 2325 a 58 36 58.6 ISVS 2S .310 3097 
23 | 246 17 10.8 PD NOD .464 4808 8 64 50 25.9 2 00 07.4 308 7470 
24 | 249 02 44.8 DX ORNS) 465 4523 9 TAROT ASS 2 43 37.6 307 8068 
25 | 251 47 48.0 2 48 12.1 .466 1459 10 77 26 04.2 372591918 307 5043 
26 | 254 32 32.9 | — 3 06 31.1 | 0.466 5607 11 83 45 21.6 | + 4 04 32.5 | 0.307 8443 
QING 2577 US S428 2 .466 6964 12 90 03°37:2 4 40 38.1 308 8213 
28 | 260 01 57.0 3 41 47.2 466 5527 13 96 19 20.8 513053 310 4195 
29 | 262 47 00.5 3 58 42.0 .466 1299 14 | 102 31 06.6 5 41 29.7 312 6138 
30 | 265 32 34.6 4 15 06.1 465 4283 15 | 108 37 35.0 6 05 34.8 3153703 
May 1 | 268 1851.6 | — 4 30583 | 0.464 4489 16 | 11437 35.6 | +6 25 12.0 |0.318 6488 
2 | 271 06 04.0 4 46 16.8 .463 1927 17 | 120 30 08.4 6 40 20.4 322 4032 
BEI 27354243 5 01 00.1 461 6611 18 | 126 14 24.8 6 51 05.4 326 5843 
4 | 276 44 05.4 5 15 06.1 459 8562 19 | 131 49 47.7 6 57 38.1 331 1403 
SEP 279 BS20:4 5 28 33.0 457 7801 AAV) SIGs SSSs (53) TOMS 336 0191 
6 | 282 28 22.7 | — 5 41 183 | 0.455 4356 21) 142 32 20.4 | +65909.8 | 0.341 1687 
Th Peis) 223) F15).5 5) ashe S)s) 452 8258 22)" VA739°0920 6 54 46.6 346 5388 
8 | 288 20 45.0 6 04 33.9 449 9544 Pas | Msi), che) deo) 2 6 47 24.5 352 0811 
Sy PEM FAD) )342) 6 14 58.4 446 8257 ZEN MST RZOPSORS pO 2) Sy Sy 
10 | 294 23 08.1 6 24 29.7 443 4447 Does LO2 "0212581 6 25 04.6 363 5035 
11 | 297 28 43:6 | — 6 33 03:9 |:0.439.8171 26 | 166 3153.5 | +6 1045.2 | 0.369 3015 
12 | 300 37 36.6 6 40 37.0 435 9492 Dia VIO S224 6:5 5 54 43.2 375 1083 
13 | 303 50 04.2 6 47 04.6 .431 8485 23 Veli ShOSe2757 5 37 14.4 380 8907 
14 | 307 06 24.3 Gro 2F 27 427 5234 29 | 179 10'22.2 5 18 33.0 386 6190 
15a SilOWorss2 6 56 22.9 422 9833 SOM PU SShOTeS5555 4 58 52.0 392 2662 
16 | 31351 56.1 | — 659 02.5 | 0.418 2390 | July 1 | 18658 33.7 | + 4 38 22.7 | 0.397 8081 
17 | 31721 46.9 | — 700 14.2 10.413 3027 21 190 42 42.6 | +417 15.0 10.403 2228 


E8 


MERCURY, 1998 


HELIOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


Date Longitude Latitude ra Date Longitude Latitude Ea 
° / Ww Qo / ie ° fi VW o / " 

July 1 | 18658 33.7 | + 4 38 22.7 | 0.397 8081 | Aug. 16 | 328 3101.6 | — 6 53 42.8 | 0.397 3201 
2 | 190 42 42.6 4 1715.0 | .403 2228 17 | 332 23 58.5 6 47 46.8 391 7680 
3 | 194 20 47.4 3 55 37.7 | .408 4911 18 | 336 23 28.1 6 39 44.5 386 1126 
AN) W975 321229 3eBES 853 413 5957 19 | 340 30 02.1 629: 27-2 380 3784 
5 | 201 20 23.0 SUIMEZ3IS 418 5211 20 | 344 43 59.7 6 16 46.3 374 5925 
6 | 204 42 40.6 | + 2 4858.9 | 0.423 2537 21 | 34905 42.5 | — 6 01 33.6 | 0.368 7852 
7 | 208 00 27.7 2 26 29.6 | .427 7815 22 | 353 35 31.0 5 43 41.0 | .362 9897 
8 | 211 1405.5 2.03 59.6 | .432 0937 23 | 358 13 44.2 5 23 01.7 301 2423 
9 | 214 23 54.3 141 32.8 | .436 1810 24 3 00 38.5 4 59 30.1 351 5828 

10») 217;30) 1331 119 12.2 | .440 0350 25 7 56 27.3 4 33 02.5 346 0539 
11 | 22033 20.5 | +057 00.5 | 0.443 6483 26 13 01 19.7 | — 4 03 38.0 | 0.340 7014 
125) 223733534:0 035 00.2 | .447 0147 27 18 15 20.0 3 31 18.6 .335 5738 
13) 226317 10:4).) + O18 913:25 | .450,1283 28:1 “2313812519 2 56 10.7 .330 7217 
M4 22912652529) | — | OFO8PL8ETe ||| 452°9845 29 | 29 10 28.1 2A18E25%3 326 1969 
SEN, 2826935729 OR O3B9Ri) 45s 788 30 | 34 51 08.6 1 38 18.5 322 0517 
167 | (235:10)5522¢ |. = 0,50) 30.9) | 0.457 9076 31 40 40 00.1 | — 0 5612.6 | 0.318 3376 
17 | 238 00 38.3 1 11 08.5 459 9678 | Sept. 1 46536-2511) | —) 0#12°35:2 315 1038 
18 | 240 48 58.9 1 3125.6 | .461 7567 Dis, S28B9°3540) | +) 053200012 31213957 
19 | 243 36 10.7 151209 | .463 2721 3 58 48 32.2 1 16 55.4 310.2532 
20 | 246 22 26.6 2 10 53.6 | .464 5121 4 | 65 02 06.8 201 28.6 | .308 7093 
21 | 249 07 59.5 | — 2 3002.4 | 0.465 4752 5 7119016 | + 2 4456.2 | 0.307 7884 
2D 251558k02%1 2 48 46.5 466 1604 Gai 77235221 3 26 34.4 .307 5054 
23 | 254 37 46.8 3.07 04.6 | .466 5668 7 83 57 09.0 405 41.9 | .307 8650 
24 | 257 22 25.8 3 2455.9 | .466 6940 Shi. SOFISI202 4 41 41.3 308 8613 
25 | 260 07 11.4 3.42 19.0 | .466 5420 9 | 96 30 58.8 5 1401.4 310 4781 
26 | 26252 15.7 | — 3.59 12.9 | 0.466 1107 10.) 102 4235.9 | +5 42 18.0 | 0.312 6901 
QT 265 Sie Sel 4 15 36.1 465 4008 11 | 108 48 53.5 6 06 14.9 315 4632 
28 | 268 24 09.7 431 27.2 | .464 4129 12 | 114 48 41.2 6 25 43.9 318 7568 
29 | 271 11 24.0 4 46 44.7 463 1484 13 | 120 40 59.5 6 40 44.1 322.5250 
30 | 273 59 46.7 5 01 26.8 461 6086 14 | 126 25 00.1 6 51 21.2 .326 7183 
Bile i) (2765491305 n= SAlSPSUETB 110459) 7955 15 | 132 0006.2 | + 657 46.4 | 0.331 2849 

Aug. 1 | 279 40 48.7 S28 STS 457 7113 Gi), 137H25152%0 7 00 14.8 336 1727 
2 | 282 33 54.5 5 41 41.3 455 3587 17 | 142 42 03.9 6 59 04.7 341 3298 
3p) 28529! 0159 5 53 41.1 .452 7409 18 | 147 48 34.7 6 54 35.7 346 7058 
4 | 288 26 25.1 6 04 54.0 | .449 8617 19 | 152 45 27.4 6 47 08.4 352 2527 
5.| 291 26 18.9} — 615 16.9 | 0.446 7254 20) | (15732) 50i8* |--+ 6°37°03.2" 410.357, 9250 
6 | 294 28 58.5 6 24 46.5 .443 3368 21) 162 10 59.4 6 24 39.9 363 6802 
Tey 29784308 6 3318.9 | .439 7018 22 | 166 40 11.8 6 10 17.2 .369 4791 
8 | 300 43 39.1 6 40 50.0 | .435 8268 23 | 171 00 49.4 5 54 12.2 375 2855 
9 | 303 56 13.6 6 47 15.5 431 7192 24-N USTREIS:9 5 36 41.0 381 0668 

10 | 307 12 41.0 | — 652 30.3 | 0.427 3874 25.1) QU POCWICSGSe | + SAMTESTAGN 4 0.38617930 
Lae, SOS SR1g.9 6 56 29.2 | .422 8409 26 | 18315 16.7 4 58 15.0 392 4374 
12 | 313 58 29.4 6 59 06.2 418 0906 27 | 187 05 42.7 4 37 443 OAS AST. 
Sei S07 (2852085 7 00 15.1 413 1487 28 | 190 49 40.0 4 16 35.5 | .403 3863 
14 | 321 03 40.6 6 59 49.0 | .408 0290 29/1), LO4AROKE SA 3 54 57.4 408 6499 
15 | 324 44 24.1 | — 657 40.9 | 0.402 7470 30 | 19759-4916 | + 3 3257/5 10.413 7492 
16 | 328 31 01.6 | — 653 42.8 10.397 3201 1 Oct. 1! 201 26504 | +3 1042.3 10.418 6689 


MERCURY, 1998 E9 
HELIOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 
Date Longitude Latitude er Date Longitude Latitude Radius 
° / Ww fo} / ” ° / Ww ° / ” 

Oct. 1 | 201 2650.4 | + 3 1042.3 | 0.418 6689 | Nov. 16 | 344 5205.6 | — 6 16 20.7 | 0.374 4112 
2 | 204 48 59.3 2 48 17.5 423 3955 17 | 349 14 03.2 6 01 03.1 368 6035 
3 | 208 06 38.5 2 25 48.0 427 9169 18 | 353 44 07.3 5 43 05.5 362 8087 
4 | 211 20 09.0 2 03 18.2 432 2224 [9 Bie3 587220360 5222100 357 0632 
5 | 214 29 51.0 1 40 51.5 436 3027 20 3 09 47.4 4 58 44.0 351 4068 
6 | 217 36 03.7 | + 1 18 31.1 | 0.440 1495 21 8 05 53.1 | — 4 32 10.9 | 0.345 8825 
Ma. 220 3910515 0 56 19.7 443 7554 22 13 11 02.7 4 02 40.9 340 5360 
Sai. 223 8913 0 34 19.7 447 114] 23 18 25 20.2 3 30 16.1 335 4160 
9 | 226 36 45.8 | + 0 12 33.2 450 2200 24 23 48 43.3 2 55 03.1 3305 /3i 

10 | 229 31 57.1 | — 0 08 58.2 453 0682 2S 29721022 7) AV SSG) .326 0591 
11 | 232 2503.5 | — 030 12.8 | 0.455 6544 26 | 35 0158.8 |— 1 3702.2 | 0.321 9264 
12 | 235 16 19.6 0 51 09.3 457 9751 27} 4051 05.4 0 54 52.8 318 2264 
13 | 238 05 59.9 1 11 46.3 .460 0270 28 | 4647441 |- 011 13.1 315 0082 
14 | 240 54 18.2 1S 220287 461 8076 290 52 S606 > || +10'33123'6 312 3170 
1S | 243 41 28.0 1 S574 463 3146 30M) 59 00N3'5 1 18 18.8 310 1927 
16 | 246 2742.4 | — 211293 |0.464 5461 | Dec. 1 65 13 56.0 | + 2 0250.7 | 0.308 6678 
175). 249 13142 2 30 37.4 465 5007 2 71 30 56.2 2 46 15.6 .307 7666 
18 | 251 58 16.0 2 49 20.7 466 1773 3 77 49 49.3 3 27 49.8 307 5037 
19 | 254 43 00.3 3 07 38.1 466 5752 4 84 09 05.9 4 06 52.1 307 8834 
20RF 257 270398 3253285 466 6938 5 90.27 15.1 4 42 45.1 308 8994 
21 | 260 12 25.2 | — 3 42 50.7 | 0.466 5332 6 | 9642468 | +5 1458.0 | 0.310 5354 
BIE 26257308 3 59 43.6 466 0933 7 | 102 54 15.5 5 43 06.8 312 7656 
23 | 265 43 06.8 4 16 05.9 465 3748 8 | 109 00 22.2 6 06 55.5 315 5558 
24 | 268 29 26.9 4 31 56.0 464 3784 OF) 114'59'57.0 6 26 16.1 318 8652 
256 27d AGASA 4 47 12.4 .463 1054 10 | 120 52 00.7 6 41 08.0 322 6477 
26 | 27405 08.0 | — 5 01 53.4 | 0.461 5571 11 | 126 35 45.3 | + 6 51 37.1 | 0.326 8536 
27 | 276 54 54.5 SalSo7al 459 7356 12) 132 10 34.5 6 57 54.6 331 4313 
28 | 279 46 15.7 3) 2) NSS) 457 6430 138) 1387736103 i 7 00 16.0 336 3285 
290) 282 89a 5 42 04.1 455 2822 14 | 142 51 56.5 6 58 59.3 341 4934 
30 | 285 34 36.4 5 54 02.6 452 6562 15 | 147 58 09.3 6 54 24.5 346 8757 
31 | 288 32 04.0 | — 605 14.0 | 0.449 7689 16 | 152 54 44.0 | + 6 4652.0 | 0.352 4274 

Nov. 1 | 291 32 02.6 6 15 35.4 446 6247 17 | 157 41 49.9 6 36 42.2 358 1031 
2 | 294 34 47.5 6 25 03.2 443 2283 18 | 162 19 41.5 6 24 14.9 363 8604 
3. | 297 40 34.6 6 33 33.8 439 5857 19 | 166 48 37.4 6 09 48.7 369 6602 
4 | 300 49 40.3 6 41 03.0 435 7033 20a IOS oO 5 53 40.8 375 4665 
5 | 304 02 21.7 | — 6 47 26.4 | 0.431 5885 21 | 175 21 10.8 | + 5 3607.1 | 0.381 2466 
6 | 307 18 56.6 6 52 39.0 | .427 2498 DIN NG) 3) Si 2 Sy 27 .386 9708 
W\ 31039%435 6 56 35.4 422 6968 23 | 183 22 44.1 4 57 37.4 392 6123 
8 | 31405 01.7 6 59 09.8 417 9402 24 | 187 12 57.4 4 37 05.4 398 1471 
OS sii Boule 7 00 15.9 412 9925 25 | 190 56 43.0 4 15 55.6 403 5535 

10 | 321 10 32.1 | — 659 46.8 | 0.407 8673 26 | 194 34 26.1 | +3 5416.7 | 0.408 8122 
it) 32451262 6 57 35.4 .402 5803 27 | 198 06 31.3 Bas 251612 413 9062 
12S) SVR Salou 6 53 33.8 397 1491 28-201 °33 22:6 3 10 00.6 418 8202 
Shi, 382518210 6 47 34.1 Bolg 933 DOG 204250 e2 29) 2 47 35.6 423 5406 
14 | 336 31 06.4 omoRi a 385 9349 30 | 208 12 53.8 2 25 06.1 428 0554 
15 | 340 37 53.8 | — 6 29 06.1 | 0.380 1984 31 | 211 2616.8 | + 2 02 36.3 | 0.432 3541 
16 | 344 5205.6 | — 6 16 20.7 10.374 4112 32 | 21435 51.9 | + 1 4009.8 10.436 4272 


10 


VENUS, 1998 


HELIOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


Date Longitude Latitude Rage Date Longitude Latitude ae a 
fe} / [o) / I fe) y Wy ie) / i 

Jan. —1 Ses ORES 0 39 30.8 | 0.719 7806 | Apr. 1 | 236 34 19.8 1 1002.4 | 0.724 5847 
1 91 04 11.4 0 50 43.6 719 5961 3 | 239 45 35.0 0.5973 124 8472 

3 94 18 12.4 1 O1 47.0 719 4233 5 | 242 56 40.7 0 48 21.6 .725 1049 

5 O73 2202 1 12 38.9 .719 2630 7 | 246 07 37.3 0 37 17.4 .725 3569 

7 100 46 34.5 12372 IOMISS 9} 249 18 25.2 0 26 06.7 .725 6025 

9 104 00 55.1 1 33 39.8 | 0.718 9815 11 )9252 29405.0 0 1451.8 | 0.725 8410 

11 LOT S217 1 43 44.6 .718 8612 138% 255539:3 70 0 03 34.5 .726 0715 

13 110 29 54.0 15312957 alii) Tee 15 | 258 50 01.8 0 07 43.1 .726 2934 

15 113 44 31.7 2NO219 32 .718 6638 17 | 262 00 20.0 0 18 58.8 .726 5061 

17 116 59 14.3 2H 18532 718 5872 19 | 265 10 32.0 0 30 10.6 .726 7088 

19 120 14 O1.5 2 20 27.9 | 0.718 5258 21 | 268 20 38.5 0 41 16.6 | 0.726 9010 

21| 123 28 52.8 DSB I) .718 4797 23 | 271 30 40.0 0 52 14.6 .727 0820 

23 126 43 47.6 2 36 14.9 718 4491 25h). 27440B 72 1 03 02.8 727 2514 

D5 129 58 45.4 2 43 24.1 .718 4340 QTa ZIT, SUB0S 123894 .727 4086 

27 133 13 45.8 25010187 .718 4345 29 | 281 00 20.5 1 24 01.7 epost 

29 136 28 47.9 2 56 06.6 | 0.718 4507 | May 1 | 284 1007.9 1 3408.7 | 0.727 6845 

31 139 43 51.4 3 OB 75 .718 4824 BA) 28719538 1 43 58.3 .727 8024 
Febsie 2: 142 58 55.4 3 06 33.4 .718 5296 5. | 290 29 37.0 53287 .727 9064 
4 146 13 59.3 3 10 53.3 718 5920 7 | 293 39 19.8 2 02 38.3 .727 9963 

6 149 29 02.5 3 14 36.3 .718 6696 9 | 296 49 02.2 24253 .728 0718 

8 152 44 04.2 3 1741.8 |0.718 7619 11 | 299 58 44.5 2 19 48.3 .728 1326 

10} 155,59:03.7 3 20 09.2 .718 8688 13 | 303 08 27.4 2927457 .728 1786 

12 159 14 00.4 3 21 58.0 .718 9899 15 | 306 18 11.3 285i! Gal .728 2096 

14-| 162 28 53.5 3 23 07.9 719 1247 17 | 309 27 56.7 2 42 18.1 .728 2256 

16 165 43 42.3 32303 8x7 .119'2728 312 37 43.9 2 48 50.5 .728 2264 

18 168 58 26.2 3 23 30.4 | 0.719 4338 231574793 3:4 2 54 52.1 .728 2122 

20 | 172 13 04.5 3) 22543 41 .719 6072 237) S18 STIZS.S 3 00 21.8 .728 1828 

Q2E ATS QUB64 3 21°16:9 719 7922 256 3228071206 3 05 18.5 .128 1386 

24 178 42 01.5 SOR 233 .719 9885 2a We S25 TOL SO 3 09 41.4 .728 0795 

26 | 181 56 19.2 3 16 29.6 .720 1952 29 | 328 27 20.9 Jul SeZ957 .728 0057 

28 185 10 28.7 3 13 09.5 | 0.720 4118 SUE 33 BRQOF 3 16 42.6 | 0.727 9175 
Mar. 2 188 24 29.8 3 09 12.6 .120 6376 | June 2 | 334 47 36.5 3°19 19.6 fie % SXUS2 
4 191 38 21.8 3 04 39.9 .720 8718 AN 3375 7907 Se 1208 .727 6990 

6 194 52 04.4 20599322 7] DLE 6 6 | 341 08 09.5 SQ DEAS .127 5692 

8 198 05 37.2 24532507 .721 3624 8 | 344 18 32.9 BH23180al .727 4264 

10 | 201 18 59.8 2 47 36.4 | 0.721 6173 10 | 347 29 01.2 3 23°39:2 |0.727 2709 

12.) 20432 12.0 2 40 50.7 miAeall wesdf TAS. 12 | 350 39 34.5 37237108 1241033 

14°) 207 457135 2 33 34.9 722 1421 Vay S535 001310 3) 22:05) .726 9239 

16 | 210 58 04.2 2 25 50.4 .722 4104 16 | 357 00 56.8 3.920! 22:0 1269833 

18 | 214 10 44.1 2 17 38.9 .122 6815 18 0 11 45.9 3 18 02.0 372695822 
20021 7230129 209 01.8 | 0.722 9545 20 3 22 40.5 3 15 05.4 | 0.726 3211 

22 | 220 35 30.8 2 00 00.9 Meas wr LP2 So. 22 6 33 40.7 3 11 32.6 .726 1007 
24 | 223 47 37.8 1 50 38.0 .128%5028 24 9 44 46.5 3 07 24.3 125.8716 
26 | 226 59 34.0 1 40 54.7 .123 7764 26 12 55 58.1 3 02 41.1 725 6346 

280 | 230 Ma 96 1 30 53.1 724 0485 28 16 07 15.6 QSL 39 .725 3904 
BOF mols SOE ary, 12013520 | 10:724°3.1182 30 19 18 38.9 21335 OVO M25s97 
Apr. 1 | 236 34 19.8 1 1002.4 10.724 5847 I July 2 22 30 08.3 2 45 11.1 |0.724 8832 


VENUS, 1998 


HELIOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


Blt 


Date Longitude Latitude sage Date Longitude Latitude Ree 
te) / Wf te) / Ww a ° / Wf te) y! vf 

Julyey 2 22 30 08.3 | — 245 11.1 | 0.724 8832 | Oct. 21 171 05324 | +3 2304.1 | 0.719 5496 
4 25 41 43.7 2 38 17.6 724 6219 4 | 174 20 06.5 S57) ays) 719 7308 

6 28°98: 298 2 30 54.4 724 3564 6°} 177 34 33.9 3 20 00.2 PL L9O 2353 

8 32305"1391 2 23 02.6 .724 0876 8 | 180 48 54.0 SES OM) .720 1266 

10 S507 073 2 14 43.9 .723 8163 10 | 184 03 06.3 3 14 23.6 .720 3400 

12 38 29 07.9 | — 205 59.6 | 0.723 5435 LQ STATO 2433 10989'5. 81'0:72015627 

14 41 41 15.0 156 51.3 123 2698 14) 190 31 05.3 3 06 19.2 .720 7941 

16 44 53 28.6 1 47 20.7 1229962 16 | 193 44 51.1 370192376 721 0334 

18 48 05 49.0 LS 7e2 98 122 7236 18 | 196 58 27.2 2 SoS oe .721 2800 

20 51 18 16.2 L276 722 4527 PAU) ||, PANO UL Sieh. 2 49 50.7 129328 

22 54 30 50.2 | — 1 1652.8 | 0.722 1845 PN AE AS) OSD ce BGS) No OPA POM} 

24 57 43 31.1 1 06 11.0 T2NEON97, 24 | 206 38 14.1 2 36 10.4 .722 0545 

26 60 56 19.1 055 16.4 ed 21eO593 26 | 209 51 08.4 2 28 35.8 2, SON 

28 64 09 14.2 0 44 10.8 .721 4040 PRS | PAIS) D3) SHS 220835 22 SEM) 

30 67 22 16.3 0 32 56.3 721 1547 30 | 216 16 24:5 2eli2Oonl .722 8644 
Aug. 1 1035-2597 © \"=)0 27-3512) 0:720°9121 i) Nov. 121928 461 "| + 2 039124 ~ | 0.723 1382 
3 73 48 42.33 | — 0 10 09.6 .720 6770 3 | 222 40 56.7 155250.) .723 4126 

5 77 02 06.0 | +001 18.4 .720 4501 2258215 0) 1 44 20.6 .723 6866 

ij 80 15 37.0 0 12 46.6 720 2323 7 | 229 04 45.6 1 34 25.2 13) S58 

9 83i29Nl5a 0 24 12.8 .720 0241 9 | 232 16 24.3 1 24 12.6 724 2301 

11 86 43 00.4 | + 0 35 34.8 | 0.719 8263 11 | 235 2752.6 | + 1 1344.9 | 0.724 4979 

13 89 56 52.6 0 46 50.3 719 6395 [SMS 23309R1 Il 1 03 03.8 .724 7620 

15 930M Ie Orsyesie2 719 4643 15 | 241 50 19.9 0 52 11.6 725 0215 

17 96 24 57.6 1 08 53.4 OES ONS 17 | 245 01 19.5 0 41 10.2 25,205 

19 99 39 10.0 1 19 36.6 LOMO 19 | 248 12 10.2 0 30 01.6 Py 78H) 

21 | 102 53 28.7 | + 1 3004.9 | 0.719 0138 21 | 251 2252.6 | +0 1847.9 | 0.725 7648 

23 | 106 07 53.5 1 40 16.2 .718 8903 Dai 24 SS 27al || ONO VeS Tel .725 9983 

25 | 109 22 24.1 1 SO 08.4 .718 7808 25 | 257 43 54.2 | — 0 03 46.5 .726 2235 

DT V2 9000 il SSE SENS .718 6856 27 | 260 54 14.5 ORISEO32! .726 4395 

29°} 115 51 41.2 2 08 48.0 .718 6052 29 | 264 04 28.4 0 26 16.5 .726 6459 

31 | 11906 26.9 | + 2 17 31.7 | 0.718 5397 | Dec. 1 | 267 14 36.6 | — 0 37 24.8 | 0.726 8419 
Sept. = 25'%, 122 21 1618 2 25 49.0 .718 4895 3 | 270 24 39.6 0 48 25.8 .727 0270 
4 | 125 36 10.4 Ds /3) Shshs) 718 4545 5 | 273 34 38.0 OFSSRIIEG .727 2006 

CR 123 SIN 078 2 40 58.1 .718 4350 7 | 276 44 32.3 1 09 58.2 .727 3622 

8 | 132 06 06.8 2 47 46.9 .718 4310 OF 2799423 1 20 25.8 Teo lle? 

10 | 135 21 08.3 | + 254 03.3 | 0.718 4426 11 | 283 0411.3 |— 130385 | 0.727 6473 

12V\) 138° 36:12 2 59 46.2 .718 4697 TBR 286 uSe5 7a 1 40 34.3 727 7700 

14 | 141 51 15.0 3 04 54.4 Ml Nlesh..3)I1 2272 15 | 289 23 41.1 1 50 11.7 727 8790 

16 | 145 06 18.9 3109269 718 5699 17 | 292 33 24.0 ISO S9)) it SSS) 

18 | 148 21 22.3 3) jl) 22) 718 6428 19 | 295 43 06.2 2 08 23.8 .728 0545 

20 | 151 36244 | +3 1641.5 | 0.718 7305 21 | 298 52 48.2 | — 2 1655.4 | 0.728 1204 

22 | 154 51 24.7 SaOw2 718 8328 23 | 302 02 30.7 LES ONES) VRS MINS 

24 | 158 06 22.3 3 21 24.5 718 9493 25 | 305 12 14.0 2 32 41.8 728 2077 

ZO LOL Tab 3 22 48.0 .719 0797 27 | 308 21 58.5 Pe 339) ay) 728 2289 

28 | 164 36 06.8 3) See, 112235) 29 | 311 31 44.8 2 46 36.8 .728 2349 
BOMIPM67 S052 a3 233 7280571983 S03 31 | 31441 33:3) | — 2.52 49:3 | 0.728 2258 
Oct 2h 1710593214" P23 237041 W077 195496 BB eS S242 =" 2°58 30127 05728 20K6 


Bid 


MARS, 1998 


HELIOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


Date Longitude Latitude ee Date Longitude Latitude se 
° / wt fe) / Wt Oo / Wt O° / Wy 

Jan. —1 | 33038 10.8 | — 1 48 54.7 | 1.381 8479 | July 2 78 34 37.4 0 53 52.5 | 1.541 7637 
Bit 333R10 83a 1 47 51.6 381 4726 6 80 3629.6 0 57 16.9 546 8446 

7 | 335 42 58.7 1 46 35.7 381 3290 10 82 37 34.5 1 00 35.6 551 8788 

11 | 338 15 24.4 1 45 07.2 381 4174 14 84 37 52.8 1 03 48.6 556 8602 

15 | 340 47 47.2 1 43 26.4 kes TST 18 86 37 25.7 1 06 55.7 561 7833 

19 | 343 20 03.9 | — 1 41 33.5 | 1.382 2890 22 88 36 14.0 109 56.9 | 1.566 6423 

23 | 345 52 11.4 1 39 28.8 383 0701 26 90 34 18.8 1 12 52.0 571 4319 

27 | 348 24 06.8 187 1216 384 0792 30 92 31 41.1 1 15 40.9 576 1469 

31 ; 35055 47.1 1 34 45.2 385 3141 | Aug. 3 94 28 22.0 1 18 23.6 580 7823 

Febiey 40) 35320098 IB 22074 386 7718 7 96 24 22.6 1IROH99 5385/3332 
8 | 355 58 10.6 | — i 29 18.7 | 1.388 4491 11 98 19 44.1 1923299 S11 5897950 

12 | 358 28 48.3 1 26 20.4 390 3422 15 | 100 14 27.4 125535 594 1631 

16 OMS BeN9 13 el297 392 4468 19 | 102 08 33.7 1 28 10.6 598 4332 

20 3 28 41.8 1g1956:2 394 7584 23 | 104 02 04.3 1 30 21n2 .602 6012 

24 5 S727 1HopBl3 ST IL 27-| 105551002 1322533 .606 6630 

28 81267297 «| W128 Aili 3999815 31 | 107 47 22.6 1 34 22.8 | 1.610 6149 

Mar. 4 10 54 30.7 ROORNSES .402 8817 | Sept. 4 | 109 39 12.6 1 36 13.8 .614 4531 
8 13 21 53.4 1 05 31.8 405 9663 So) Pl BOS Ko 187/582 618 1741 

12 15 48 36.0 1 O01 38.9 409 2288 12e\\ S25 2026 1 39 36.0 .621 7747 

16 18 14 36.4 0 57 40.4 412 6624 16 | 115 11 40.8 1 41 07.2 .625 2516 

20 20 39 53.0 | — 0 53 36.9 | 1.416 2601 20) 117101834 1 42 31.8 | 1.628 6018 

24 23 04 24.0 0 49 29.0 420 0146 24 | 118 50 59.7 1 43 49.8 .631 8224 

28 25 28 08.2 0 45 17.2 423 9184 28 | 120 40 00.7 1 45 01.3 .634 9107 

Apt.« eal 27 51 04.0 0 41 02.1 .427 9640 | Oct. 2 | 122 28 37.8 1 46 06.1 .637 8641 
5 30 13 10.3 0 36 44.3 432 1435 6 | 124 1652.1 1 47 04.5 .640 6801 

g) 32 34 26.0 | — 0 32 24.2 | 1.436 4491 10 | 126 04 44.8 1 4756.3 | 1.643 3565 

13 34 54 50.2 0 28 02.5 .440 8726 L4e) 127.52 1 48 41.6 .645 8910 

17 37 14 21.9 0 23 39.6 445 4061 L8i| 129'589/802 1 49 20.5 .648 2817 

ou 39 33 00.6 0 19 16.1 450 0413 22) 2131 RORas 1 49 52.8 650 5267 

25 41 50 45.5 0 14 52.3 454 7700 26) U3SE3 (087 1 50 18.8 .652 6241 

29 44 07 36.4 | — 0 10 28.9 | 1.459 5842 30 | 134 59 26.4 1 50 38.3 | 1.654 5724 

May 3 46 23 32.7 0 06 06.3 .464 4756 | Nov. 3 | 136 45 34.8 5 OS 15 .656 3701 
iT 48 38 343 | — 001 44.8 469 4360 138 31 29.9 1 50 58.3 658 0157 

11 50.52 41.1 | + 0 02 35.0 474 4573 140 17 13.1 1 50 58.8 659 5081 

15 53 05 52.9 0 06 52.9 479 5316 5 | 142 02 45.4 1750/5371 .660 8461 

19 55 18 10.0 | + 011 08.3 | 1.484 6508 19 | 143 48 08.2 150 41.1 | 1.662 0287 

28 57 2953213 0 15 21.0 .489 8071 237)\ 145 38122 1 50:22.9 .663 0550 

27 59 40 00.2 0 19 30.7 .494 9927 DT VAT B1i8e2995 1 49 58.5 .663 9243 

3] 61 49 34.0 ORS 869 S00j1999 | Dect dy)) 149103530;6 1 49 28.0 .664 6359 

June 4 63 58 14.0 OR TR895 505 4213 5 | 150 48 26.8 1 48 51.4 .665 1893 
8 66 06 00.8 | + 0 31 38.1 | 1.510 6493 9)) 152 834,193 1 48 08.7. | 1.665 5841 

12 68 12 54.8 0 35 32.4 S15 8769 13. | 154 18 09.4 1 47 20.0 .665 8200 

16 70 18 56.8 09397222 521 0968 Liv 1La6;02582 1 46 25.4 .665 8968 

20 72 24 07.3 0 43 07.4 526 3021 21 | 157 47 46.9 1 45 24:8 .665 8146 

24 74 28 27.0 0 46 47.6 531 4861 25) 15982368 1 44 i83 .665 5732 

28 76 31 56.8 | + 050 22.7 | 1.536 6421 29) |) (LOL GL728:9 1 43 06.0 | 1.665 1730 

July 2 78 34 37.4.1 + 053 52.5. | 1.541 7637 33) il 163° 0202455 1 41 47.9 | 1.664 6143 


JUPITER, SATURN, URANUS, NEPTUNE, 1998 E13 


HELIOCENTRIC POSITIONS FOR 0° DYNAMICAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


Date Longitude Latitude cae Date Longitude Latitude Sis 
JUPITE SATURN 
cope! " / Onn: uw Siew af wu" 

Jan. 329 24 53.3 0 59 02.9 5.022 044 |Jan. —3 19 38 25.9 2 28 45.9 9.367 819 

330 18 23.1 ORS9 505 O19 417 ii 19 59 18.4 2 28 49.4 365 039 

As SSA Os xey} 1 00 37.2 .016 831 17 20 20 11.5 DI wad) 362 264 

ZN B82 105 S238 OU 51 014 285 OT 20 41 05.5 2 28 55.6 359 495 

Feb. ONES 29925 1 02 08.1 011 781 |Feb. 6 21 02 00.2 2 28 58.2 SoM Be 

161) 833 32 25.5; |, —olii02,52:3 5.009 319 16 21 2255.6 | — 2 29 00.5 Oh3333) Qs 

26| 334 46 41.7 1,03;35.6 .006 900 26 21 43 51.8 PL OOPS) oll 2B 

Mar. 8] 335 40 30.9 1 04 18.0 004 524 |Mar. 8 22 04 48.7 2 29 04.1 348 478 

18} 336 34 23.3 1 04 59.5 5.002 192 18 22 25 46.4 2 29 05.4 345 738 

28| 337 28 18.6 1 05 40.0 4.999 905 28 22 46 44.8 2 29 06.3 343 005 

Apr 7\| 338 22 169 | — 1 06 19.7 4.997 664 |Apr. 7 23 07 44.0 | — 2 29 07.0 9.340 278 

WA! B39 06182 1 06 58.4 995 468 17 23 28 43.9 D29 O73 337 558 

27| 340 10 22.3 1 07 36.1 993 318 27 23 49 44.6 2 29 07.2 334 844 

May 7| 341 04 29.2 1 08 12.9 IN PAS) Ie ey 8 9) 24 10 46.0 2 29 06.8 soho, JES 

17| 341 58 38.8 1 08 48.7 .989 160 U7) 24 31 48.1 2 29 06.1 329 437 

27| 342 5251.1 | — 1 09 23.4 4.987 153 Yi 24 5251.0 | — 2 29 05.1 9.326 743 

June 6| 343 47 06.0 120955782 985 194 |June 6 25'13°54.7 2 29 03.7 324 056 

16| 344 41 23.5 1 10 30.0 .983 284 16 25 34 59.1 2 29 02.0 2 1e3 75 

26| 345 35 43.5 Kelis Ole, 981 423 26 25 56 04.2 2 29 00.0 318 701 

July 6| 346 30 05.9 Lots2.4 .979 613 |July 6 26 17 10.0 PES SIGS 316 035 

16| 347 2430.7 | — 1 12 02.0 4.977 853 16 26 38 16.6 | — 2 28 54.9 D3) SIS 

26| 348 18 57.7 1 12 30.6 976 144 26 26 59 23.9 2 28 51.8 310 723 

Aug. 5| 349 13 27.0 1 12 58.1 .974 486 }Aug. 5 27 20 31.9 2 28 48.4 308 077 

15| 350 0758.5 1 13 24.5 .972 881 iS 27 41 40.7 2 28 44.7 305 439 

25) 391 (02 324 1 13 49.8 ASH ByP2o) 25 28 02 50.2 2 28 40.6 302 808 

Sept. 4] 351 5707.6 | — 1 14 14.0 4.969 827 |Sept. 4 28 24 00.4 | — 2 28 36.2 9.300 185 

14} 352 51 45.2 1 14 37.1 .968 380 14 28 45-11.3 2 28 31.4 .297 569 

24| 353 46 24.6 1 14 59.1 .966 987 24 29 06 22.9 2 28 26.3 .294 961 

Oct. 4| 354 41 05.9 1 15 20.0 .965 648 } Oct. 4 29 27 35.3 2 28 20.9 .292 361 

14) 355 35 48.9 1S15839-8 .964 364 14 29 48 48.3 2528 WS:1 .289 769 

24} 356 30 33.6) — 115.584 4.963 134 24 30 10 02.1 | — 2 28 09.0 9.287 185 

NOx 9 BN) 9 SEPSIS, 1 16 15.8 .961 960 |Nov. 3 30 31 16.6 2 28 02.6 .284 609 

Spi] Stokes Di Oizlze: PGES. 960 842 13 30 52 31.8 ZY, Son .282 041 

23 S594 S71 1 16 47.3 9597/79 23 31 13 47.7 2 27 48.6 .279 482 

DEciee=t5 0 09 47.8 ZA 0) Wee) 958 772 |Decy 3 31 35 04.2 227 41.1 .276 931 

13 1 0439.8 | — 117 14.1 4.957 822 13 SIASGIZION || = QEZTea8Ns 9.274 388 

23 992334) alae 2ox7, 956 928 23 B2e17-39:5 22251 .271 854 

33 ORS 9/9 oye We ea ON EX oy 2 4.956 092 33 32 38 58.2 | — 2 27 16.6 9.269 328 

URANUS NEPTUNE 
fo) / Ww is) / fo) / Wy fo) / wt 

Jan. —13] 308 1504.8 |} — 0 37 37.2 | 19.842 34 |Jan. —13} 299 2746.0 | +0 22 37.3 | 30.145 64 
Jane eee § S08 Aies29. 0 37 49.7 | 19.847 20 |Jan. 27) 299 42 10.1 0 22 11.4 | 30.144 38 
Mar. 8] 309 07 58.3 0 38 02.0 | 19.852 01 |Mar. 299 56 34.2 Op21-45.4) | B0:143 12 
Apr. 17] 309 34 23.8 0 38 14.2 | 19.85677 Apr. 17] 300 10 58.3 0 21 19.4 | 30.141 84 
May 27] 310 00 48.4 0 38 26.2 | 19.861 47 |May 27} 300 25 22.4 0 20 53.4 | 30.140 55 
July 6| 310 27 12.3 | — 0 38 38.1 | 19.866 11 [July 6; 300 39 46.5 | + 0 20 27.4 | 30.139 24 
Ape E151) SB 10Ns3 939 0 38 49.8 | 19.870 70 |Aug. 15] 300 54 10.5 0 20 01.3 | 30.137 91 
Sept.) 024) 314 19573 0 39 01.4 | 19.875 23 |Sept. 24} 301 08 34.5 0 19 35.3 | 30.136 58 
Nov. 3] 311 46 18.5 039 12.9 | 19.87971 Nov. 3} 301 22 58.5 O)19KO92 130.135: 23 
Deeg wis e223 8.9 0.39242, | 119,884 14) Dec, 13) 301, 37 22.5 0 18 43.1 | 30.133 88 
Dec. 53) B12 38-584 | = 201391354 19.888 51% | Dees =53') 301 51 464 1) + O.18.16.9 | 30513252 


E14 


GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 


MERCURY, 1998 


Apparent Apparent 
Date Right “aaa ae Garett Right cater Geet 
Ascension Distance Ascension Distance 
h m Ss be} va ue h m s iS i cs 
Jane Ol 17 08:36:01 1" |? =209.4' 36.23 | 01877 SOLS seb, 159) 2133 521073" | — 1641 07.33) | 1396 7293 
1 | 17 10 48.966 20 24 28.53 .899 1173 16 | 21 40 43.496 16 07 20.59 396 2203 
PIV) SPs less) 20 35 14.89 .920 5312 17 | 21 47 35.578 15 32 09 04 395 0937 
3} 17 16 31.087 20 46 40.81 .941 7345 18 | 21 54 28.306 14 55 32.97 .393 3244 
4} 17 19 55.309 20 58 33.05 .962 6465 19 | 2201 21.661 14 17 32.79 390 8848 
5 | 17 23 38.712 | —21 10 39.63 |} 0.983 2025 20 | 22 08 15.617 | —13 38 09.09 | 1.387 7447 
6 | 17 27 39.369 21 22 49.78 | 1.003 3512 Dei 22m O39 12 57 22.66 383 8716 
JANG Silas 5S 21 34 53.91 .023 0528 22 222205180 12 15 A451 379 2304 
8 | 17 36 25.739 21 46 43.47 .042 2766 23 | 22 29 00.674 11 31 45.91 398 1337. 
9 | 1741 08.545 21 58 10.88 .060 9998 QA) 229355 6:53 10 46 58.51 .367 4914 
10 | 17 4602.755 | --22 09 09.40 | 1.079 2059 25 | 22 42 52.636 | —10 00 54.35 | 1.360 3120 
LL SOF 285 22 19 33.08 .096 8836 26 | 22 49 48.837 9 13 35.91 .352 2017 
1D S621 70 22 29 16.62 .114 0258 27 | 22 56 44.943 8 25 06.20 343 1162 
13 | 18 01 43.550 22 38 15.33 .130 6286 28 | 23 03 40.708 7 35 28.87 333 0105 
14 | 18 07 13.657 22 46 25.03 .146 6910 | Mar. 1 | 23 10 35.829 6 44 48.25 .321 8401 
15 | 18 12 50.804 | —22 53 42.01 | 1.162 2141 2 | 2317291931 | = 5:53-09155°| 1.309 5625 
16 | 18 18 34.378 23 00 02.96 .177 2004 3: | 2392422555 5 00 38.86 .296 1382 
17 | 18 24 23.825 23 05 24.92 .191 6538 4A 238 1Bels0 4 07 23.33 .281 5326 
18 | 18 30 18.647 23 09 45.26 .205 5791 5 | 23 38 01.057 3322 .265 7179 
19 | 18 36 18.396 23 13 01.60 .218 9817 6 | 23 44 45.502 2 19 12.00 .248 6751 
20 | 18 42 22.664 | —23 15 11.82 | 1.231 8674 7 | 2351 25.589 | — 1 24 36.40 | 1.230 3967 
21 | 18 48 31.080 23 16 14.00 244 2422 8 | 23 58 00.292 | — 029 56.41 .210 8891 
22 | 18 54 43.308 23 16 06.42 .256 1121 9 0 04 28.452 | + 0 24 34.71 .190 1745 
23 | 19 00 59.038 23 14 47.52 .267 4831 10 | 010 48.785 1 18 42.52 .168 2933 
24 | 1907 17.987 23 12 15.89 .278 3607 11 0 16 59.887 22 1155 .145 3054 
25 | 19 13 39.896 | —23 08 30.25 | 1.288 7505 12 0 23 00.249 | + 3 0445.48 | 1.121 2911 
26 | 19 20 04.525 23 03 29.43 .298 6573 13 0 28 48.278 3 56 07.33 .096 3512 
DT | 19:26 310652 PEST NOB 308 0856 14] 034 22.320 4 45 59.82 .070 6056 
28 | 19 33 01.071 22 49 38.11 317 0395 iS) 0 39 40.692 5 34 05.60 .044 1916 
29 | 19 39 32.595 22 40 45.75 O20 D228 16 0 44 41.714 6 20 07.53 .O17 2609 
30 | 19 46 06.051 | —22 30 34.48 | 1.333 5367 17 0 49 23.738 | + 703 49.03 | 0.989 9763 
31 | 19 52 41.280 22 19 03.54 341 0850 18 0 53 45.184 7 44 54.22 .962 5079 
Feb. 1 | 1959 18.139 22 06 12.23 348 1683 19 0 57 44.569 8 23 08.13 .935 0288 
2 | 20 05 56.500 2151 59.94 354 7873 20 1 01 20.533 8 58 16.87 .907 7118 
Shee PA Oe soy 2215) 21 36 26.06 360 9414 21 1 04 31.871 9 30 07.65 .880 7259 
4 | 20 19-17.268 | —21 19 30.09 | 1.366 6292 py 107 17.551 | + 958 28.87 | 0.854 2336 
5 | 20 25 59.473 2101 11.54 371 8482 23 1 09 36.745 10 23 10.15 .828 3887 
6 2032425775 20 41 29.96 376 5946 24 1 11 28.848 10 44 02.37 .803 3351 
7 | 20 39 27.098 20 20 24.97 380 8633 25 1 12 53.506 11 00 57.79 .779 2056 
8 | 20 46 12.374 19 57 56.19 384 6481 26 1 13 50.641 11 13 50.10 -756 1215 
9 | 20 52 58.546 | —19 34 03.32 | 1.387 9411 27 1 14 20.481 | +11 22 34.68 | 0.734 1924 
10 | 20 59 45.563 19 08 46.06 390 7330 28 1 14 23.578 11 27 08.81 713 S163 
11 | 21 06 33.382 18 42 04.17 393 0128 29 1 14 00.840 11 27 31.99 .694 1796 
12 | 201322970 18 13 57.47 394 7677 30 1 13: 13-540 11 23 46.26 .676 2571 
13 | 21 20 11.297 17 44 25.80 395 9835 31 1 12 03.331 11 15 56.63 .659 8120 
14 | 21 27 01.339 | —17 13 29.10 | 1.396 6434 | Apr. 1 1 10 32.237 | +11 04 11.34 | 0.644 8958 
15 | 21 33 52.078 | —16 41 07.33 | 1.396 7293 2 1 08 42.641 | +10 48 42.22 | 0.631 5479 


GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 


MERCURY, 1998 


BIS 


Apparent Appare 
Date Ri ght eres Geotiieis Date Right ppatent 
(Ascension eclination Deane INGO Declination 
It tm oe ie aks hm. ¢ Ona 26 
Apr. 1 | 1 10 32.237 | +11 04 11.34 | 0.644 8958 | May 17 | 206 11.589 | + 9 48 38.65 
2 | 1 08 42.641 10 48 42.22 | .631 5479 18 | 211 51.643 10 23 43.87 
3 | 1 06 37.249 10 29 44.79 | .619 7956 19 | 217 41.032 10 59 35.02 
4 | 1 04 19.038 10 07 38.31 .609 6536 ZO 223891928 11 36 07.72 
Sel Ol LTO 1 9 4245.52 | .601 1241 21 | 2 29 48.508 AAS N73 
6 | 059 17.015 | + 9 15 32.30 | 0.594 1969 22 | 236 07.002 | +12 5059.00 
7 | 056 39.854 8 46 27.00 | .588 8493 23 | 2 42 35.635 13 29 07.55 
8 | 054 02.999 8 15 59.66 | .585 0475 24 | 249 14.650 14 07 37.45 
ONO 51, 29.599 744 41.15 | .582 7469 25 | 256 04.291 14 46 22.75 
10 | 049 02.589 71302.22 | .581 8937 26 | 3 03 04.803 15 25 17.01 
11 | 046 44.624 | + 6 41 32.58 | 0.582 4262 27 | 310 16.414 | +16 04 13.29 
12 | 0 44 38.034 6 1040.15 | .584 2762 28391739330 16 43 04.03 
13 | 042 44.799 5 4050.36 | .587 3712 DIAN S253. 92M 17 21 41.05 
14 | 041 06.537 SIA YS1B2 |) yl CB) 30 | 3 32 59.706 I 59 Sel 
15 | 039 44.510 445 45.62 | .596 9927 31 | 3 40 57.336 18 37 37.86 
16 | 0 38 39.642 | + 421 06.03 | 0.603 3653 | June 1 | 3 49 06.573 | +19 14 37.89 
Lie |"O 375255) 3 58 39.78 | .610 6780 DN Brsi/ 27216 19 50 44.77 
ESE IO ST 232507) 3 38 36.60 | .618 8576 3 | 405 59.177 20 25 47.06 
19 | 037 12.826 3 2103.45 | .627 8341 4 | 414 41.862 20 59 32.92 
20 | 0 37 20.203 3 06 04.80 | .637 5410 5 | 4 23 34.761 21 31 50.19 
21 | 037 45.453 | + 253 42.97 | 0.647 9161 6 | 432 37.135 | +22 02 26.68 
22 | 0 38 28.193 2 43 58.49 | .658 9015 7 | 441 48.071 22 hOB i 
23 | 0 39 27.946 2 36 50.40 | .670 4437 8 | 451 06.487 22 57 49.73 
24 | 0 40 44.166 232 16.55 | .682 4938 9 | 5 00 31.146 23 22 14.05 
25 | 0 42 16.264 2 30 13.88 | .695 0071 10 | 5 10 00.680 23 44 13.72 
26 | 0 44 03.627 | + 2 30 38.60 | 0.707 9431 11 | 5 19 33.619 | +24 03 40.27 
27 | 0 46 05.636 2 33.26.45 | .721 2654 12 | 5 29 08.399 24 20 27.14 
28 | 0 48 21.676 2 38 32.78 | .734 9410 13 | 5 38 43.453 24 34 29.39 
29 | 050 51.150 2 45 52.74 | .748 9406 14 | 5 48 17.214 24 45 43.88 
30 | 053 33.485 DSLAM why O3123.75 15 | 557 48.161 24 54 09.30 
May 1 | 056 28.142 | + 3 0653.64 | 0.777 8081 16 | 607 14.852 | +24 59 46.11 
2 | 059 34.616 3 20 24.55 | .792 6308 17 | 6 16 35.951 25 02 36.35 
3 | 102 52.442 3 35 49.18 | .807 6863 18 | 6 25 50.245 25 02 43.55 
4 | 106 21.195 3 53 02.68 | .822 9567 19 | 6 34 56.659 25 00 12.44 
5 | 1 10 00.494 4 1200.33 | .838 4258 20 | 6 43 54.256 24 55 08.76 
6 | 1 13.49.997 | + 4 32 37.49 | 0.854 0786 21 | 652 42.234 | +24 47 39.08 
7 | 117 49.407 454 49.68 | .869 9009 22 | 701 19.928 24 37 50.52 
8 | 121 58.466 5 18 32.52 | .885 8791 23 | 709 46.789 24 25 50.65 
9 | 1 26 16.959 5 43.41.75 | .902 0000 24 | 7 18 02.382 24 11 47.24 
10 | 1 30 44.712 6 10 13.20 | .918 2506 25 | 7 26 06.369 23 55 48.23 
11 | 135 21.588 | + 6 38 02.79 | 0.934 6178 26 | 733 58.497 | +23 38 01.52 
12 | 1 40 07.492 7 07 06.51 951 0878 27 | 741 38.587 23 18 34.97 
13 | 1 45 02.363 7 37 20.39 | .967 6463 28 | 7 49 06.523 2231 BOL8 
14 | 150 06.178 8 08 40.50 | 0.984 2780 DI 56.22,236 22 35 13.00 
S| lS 5aIS 952 8 41 02.90 | 1.000 9661 30 | 8 03 25.698 22 11 32.46 
16 | 200 40.729 | + 9 14 23.63 | 1.017 6923 | July 1 | 8 10 16.909 | +21 46 41.78 
17 | 206 11.589 | + 9 48 38.65 | 1.034 4362 2 | 81655.892 | +21 20 47.86 


True | 
Geocentric 
Distance 


1.034 4362 
051 1751 
.067 8836 
.084 5330 
101 0911 


— 


1175218 
.133 7845 
149 8339 
165 6194 
181 0848 


— 


.196 1682 
.210 8017 
224 9114 
238 4178 
a) PEO) 


1.263 2767 
.274 4480 
.284 6565 
.293 8097 
301 8184 


1.308 6000 
.314 0810 
318 2004 
320 9119 
322 1864 


1E322)0131 
320 4002 
317 3744 
312 9794 
307 2738 


1.300 3290 
.292 2256 
.283 0506 
.272 8950 
.261 8507 


1.250 0085 
.237 4567 
224 2791 
.210 5550 
196 3578 


1.181 7553 
.166 8093 
slop sya 
.136 1052 
120 4429 


1.104 6293 
1.088 7003 


E16 


GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 


MERCURY, 1998 


Apparent 
Date Right an eae penta 
Ascension eclination Distance 
hms ee Wie 
July 1 | 810 16.909 | +21 46 41.78 | 1.104 6293 
2 | 8 16 55.892 21 20 47.86 .088 7003 
3. | 8 23 22.679 2053S Sih .072 6880 
4 |} 8 29 37.312 20 26 16.79 .056 6207 
5 | 8 35 39.832 19 57 52.36 .040 5236 
6 | 841 30.275 | +19 28 50.19 | 1.024 4192 
7 | 8 47 08.669 18 59 16.19 | 1.008 3276 
8 | 852 35.028 18 29 16.15 | 0.992 2669 
9 | 857 49.350 17 58 55.74 .976 2533 
10 | 902 51.613 17 28 20.52 .960 3017 
11 | 907 41.775 | +1657 36.00 | 0.944 4262 
12 | 9 12 19.767 16 26 47.64 .928 6396 
13 | 9 16 45.496 15 56 00.86 .912 9544 
14 | 9 20 58.840 15 25 Qa .897 3829 
15 | 9 24 59.649 14 54 53.91 .881 9369 
16 | 9 28 47.738 | +14 24 44.78 | 0.866 6290 
17 | 9 32 22.891 13 54 59.38 .851 4718 
18 | 935 44.854 13 25 43.51 .836 4790 
19 | 9 38 53.339 12 57 03.12 .821 6649 
20 | 9 41 48.022 12 29 04.33 .807 0457 
21 | 944 28.540 | +12 01 53.49 | 0.792 6386 
22 | 9 46 54.501 135 37218 .778 4632 
23 | 9 49 05.480 11 10 22.21 .764 5411 
24 | 951 01.029 10 46 15.66 .750 8966 
25 | 9 52 40.679 10 23 24.86 MOY O505 
26 | 954 03.952 | +1001 57.37 | 0.724 5513 
QT W9S5N0371 9 42 01.03 .711 9146 
28 | 955 59.468 9 23 43.83 .699 6838 
29 | 9 56 30.807 9 07 13.92 .687 9005 
30 | 9 56 44.000 8 52 39.51 .676 6106 
31 | 956 38.729 | + 8 4008.75 | 0.665 8642 
Aug. 1 | 956 14.776 8 29 49.56 .655 7164 
2 N9)55 1821052 8 21 49.52 .646 2268 
3 | 954 30.633 8 16 15.56 .637 4596 
4 1953 10.797 SIs Ass .629 4836 
5 | 951 33.062 | + 8 12 48.90 | 0.622 3713 
6 | 9 49 38.224 8 15 04.42 .616 1990 
7 | 947 27.395 8 20 01.77 .611 0455 
8 | 9 45 02.029 8 27 40.25 .606 9910, 
9 | 9 42 23.942 8 37 56.64 .604 1163 
10 | 9 39 35.324 | + 8 50 44.98 | 0.602 5008 
11 | 9 36 38.720 9 05 56.42 .602 2211 
12 | 9 33 37.013 9 23 19.19 .603 3491 
13 | 9 30 33.368 9 42 38.73 .605 9504 
14 | 9 27 31.176 10 03 37.94 .610 0826 
15 | 9 24 33.971 | +1025 57.51 | 0.615 7934 
16 | 921 45.342 | +10 49 16.46 | 0.623 1198 


Sept. 


Oct. 


NNNN VY 
WN OO 


NNNYNY NY 
Oo OTA N 


Ww 
SS 


Apparent 
Rim | APPatent | Gescentri 

Ascension Distance 
h om s age 

9 21 45.342 | +10 49 16.46 | 0.623 1198 
9 19 08.846 11 13 12.67 .632 0865 
9 16 47.909 11 37 23.44 .642 7052 
9 14 45.750 12 01 26.01 .654 9746 
9 13 05.303 12 24 58.12 .668 8791 
9 11 49.165 | +12 47 38.34 | 0.684 3899 
9 10 59.554 13 09 06.40 | .701 4639 
9 10 38.282 13 29 03.42 .720 0449 
9 10 46.746 13 47 11.94 .740 0626 
9 11 25.930 14.03 16.05 .761 4339 
9 12 36.416 | +14 17 01.34 | 0.784 0618 
9 14 18.395 14 28 14.89 .807 8364 
9 16 31.693 14 36 45.27 .832 6346 
9 19 15.789 14 42 22.50 .858 3206 
9 22 29.839 14 44 58.15 .884 7465 
9 26 12.701 | +14 44 25.34 | 0.911 7537 
9 30 22.958 14 40 38.88 .939 1739 
9 34 58.951 14 33 35.39 .966 8319 
9 39 58.809 14 23 13.37 | 0.994 5482 
9 45 20.486 14 09 33.33 | 1.022 1425 
9 51 01.804 | +13 52 37.82 | 1.049 4375 
9 57 00.503 13 32 31.40 .076 2629 
10 03 14.285 13 09 20.61 .102 4595 
10 09 40.870 12 43 13.74 | .127 8827 
10 16 18.040 12 14 20.65 .152 4054 
10 23 03.682 | +11 42 52.46 | 1.175 9201 
10 29 55.824 11 09 01.25 .198 3400 
10 36 52.663 10 32 59.71 .219 5993 
10 43 52.583 9 55 00.82 .239 6522 
10 50 54.164 DlSm7S2 .258 4714 
10 57 56.184 | + 8 3402.52 | 1.276 0465 
11 04 57.613 751 28.03 .292 3813 
11 11 57.602 7 07 45.65 .307 4913 
11 18 55.467 6 23 06.24 .321 4017 
11 25 50.674 5 37 39.86 .334 1449 
11 32 42.820 | + 451 35.77. | 1.345 7583 
11 39 31.618 405 02.41 356 2831 
11 46 16.872 3 18 07.44 .365 7622 
11 52 58.474 2 30 57.77 .374 2394 
11 59 36.378 1 43 39.61 381 7584 
12 06 10.596 | + 056 18.56 | 1.388 3617 
12 12 41.184 | + 008 59.58 .394 0909 
12 19 08.227 | — 038 12.88 398 9851 
12 25 31.840 1 25 14.76 403 0817 
12 31 52.164 2 12 02.46 .406 4158 
12 38 09.349 | — 258 32.76 | 1.409 0199 
12 44 23.560 | — 3 4442.78 | 1.410 9244 


MERCURY, 1998 E17 
GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 
Apparent Apparent 
Date Right Risees | Geocenuie || apate Right PDA || Geocuatic 
Ascension eclination Distance Ascension Declination Distance 
hua s gin 8 gst hemes ia As 
Oct. 1 | 12 44 23.560 | — 3 44 42.78 | 1.410 9244 | Nov. 16 | 1655 54.429 | —25 10 47.45 | 0.921 5508 
2 | 12 50 34.966 4 30 29.90 412 1572 17 | 16 58 43.409 25 09 56.36 .899 7520 
3 | 12 56 43.742. 5 15Sie75 .412 7438 18 | 17 01 05.862 25 07 09.96 .877 8746 
4} 13 02 50.064 6 00 46.19 .412 7076 19 | 17 02 58.648 25 02 23.02 .856 0446 
5 | 13 08 54.111 6 45 11.25 .412 0696 20 | 17 04 18.501 24 55 29.78 .834 4123 
6 | 13 1456.059 | — 7 2905.14 | 1.410 8488 21 | 1705 02.136 | —24 46 23.95 | 0.813 1556 
7 | 13 20 56.082 8 12 26.21 .409 0623 22 | 17 05 06.400 24 34 58.89 .792 4817 
8 | 13 26 54.347 8 55112192 .406 7248 23 | 17 04 28.480 24 21 07.91 .772 6280 
9 | 13 32 51.014 9 37 23.82 .403 8497 24 | 17 03 06.183 24 04 44.89 .753 8613 
10 | 13 38 46.235 10 18 57.53 .400 4481 25 | 17 00 58.267 23 45 45.21 .736 4752 
11 | 13 44 40.152 | —10 59 52.71 | 1.396 5300 26 | 1658 04.824 | —23 24 07.16 | 0.720 7832 
12 | 13 50 32.896 11 40 08.09 .392 1034 27 | 16 54 27.647 22 59 53.70 .707 1085 
13 | 13 56 24.591 12 19 42.41 .387 1754 28 | 1650 10.552 22 B3N4558 .695 7704 
14 | 14 02 15.346 12 58 34.45 Bs 7515 29 | 1645 19.541 22 04 28.08 .687 0658 
15 | 14 08 05.264 13 36 43.00 .375 8361 30 | 16 40 02.743 21 34 02.89 .681 2492 
16 | 14 13 54.433 | —14 14 06.84 | 1.369 4325 | Dec. 1 | 16 34 30.078 | —21 02 37.86 | 0.678 5126 
17 | 14 19 42.927 14 50 44.79 362 5430 2 | 16 28 52.640 20 31 00.84 .678 9686 
18 | 14 25 30.808 15 26 35.62 355 1688 3} 16 23 21.887 20 00 05.45 .682 6392 
LOG I4 Bie 8s120 16 01 38.13 .347 3103 4 | 16 18 08.754 19 30 46.69 .689 4526 
20 | 14 37 04.900 16 35 51.05 338 9670 5 | 16 13 22.872 19 03 55.95 .699 2496 
21 | 1442 51.152 | —17 09 13.13 | 1.330 1376 6 | 1609 11.989 | —18 40 16.69 | 0.711 7968 
22 | 14 48 36.869 17 41 43.06 .320 8202 7 | 16 05 41.689 18 20 21.37 .726 8052 
23 | 1454 22.022 18 13 19.52 .311 0120 8 | 16 02 55.381 18 04 30.13 .743 9508 
24 | 15 00 06.556 18 4401.11 .300 7099 9 | 16 00 54.504 17 52 51.10 .762 8949 
25 | 15 05 50.393 19 13 46.44 .289 9100 10 | 15 59 38.866 17 45 21.84 .783 3008 
26 | 15 11 33.422 | —19 42 34.03 | 1.278 6081 11 | 1559 07.032 | —17 4151.51 | 0.804 8474 
DANS Uis2508 20 10 22.36 .266 7998 12 | 15 59 16.705 17 42 03.18 .827 2382 
28 | 15 22 56.463 20 37 09.86 .254 4800 13 | 1600 05.052 17 45 36.07 .850 2068 
29 | 15 28 36.085 21 02 54.90 .241 6437 14 | 1601 28.975 17 52 07.30 873 5192 
30 | 15 34 14.115 21273508 228 2861 15 | 1603 25.303 18 01 13.40 .896 9736 
31 | 15 39 50.248 | —21 51 10.82 | 1.214 4020 16 | 1605 50.936 | —18 12 31.29 | 0.920 3995 
Nov. 1 | 15 45 24.128 22 13 38.14 .199 9870 17 | 16 08 42.933 18 25 39.02 .943 6546 
2 WelS 15051389 22 34 55.90 .185 0368 18 | 1611 58.565 18 40 16.09 .966 6224 
3 | 15 56 23.401 22)55'02N7 .169 5479 19 | 16 15 35.341 18 56 03.77 | 0.989 2084 
4 | 1601 47.757 23 13 54.95 .153 5180 20 | 16 19 31.014 19 12 45.07 | 1.011 3378 
5 | 16 07 07.768 | —23 31 32.20 | 1.136 9456 21 | 16 23 43.575 | —19 30 04.75 | 1.032 9521 
6 | 16 12 22.696 23 47 51.78 .119 8313 22 NG Ze 237 19 47 49.24 .054 0066 
7 | 1617 31.695 24 02 51.47 .102 1776 DBM ALOe L423 20 05 46.49 .074 4681 
8 | 16 22 33.800 24 16 28.94 .083 9899 24 | 16 37 45.743 20 23 45.84 .094 3130 
9 | 16 27 27.909 24 28 41.78 .065 2770 25 | 16 42 49.975 20 41 37.88 PiNlSs254: 
10 | 16 32 12.769 | —24 39 27.44 | 1.046 0521 26 | 16 48 04.045 | —2059 14.28 | 1.132 0955 
11 | 16 36 46.962 24 48 43.23 .026 3339 DIP) ANG S3) 27.011 PNM OPES .150°0188 
12 | 16 41 08.884 24 56 26.32 | 1.006 1478 28 | 16 58 58.048 ASS JOA) .167 2947 
13 | 16 45 16.730 25 02 33.68 | 0.985 5272 29 | 17 04 36.426 21 49 20.61 .183 9255 
14 | 16 49 08.479 25 07 02.06 .964 5152 30 | 17 10 21.506 22 04 49.24 .199 9161 
15 | 1652 41.876 | —25 09 47.93 | 0.943 1668 31 | 1716 12.720 | —22 19 33.14 | 1.215 2729 
16 | 1655 54.429 | —25 10 47.45 | 0.921 5508 32 | 1722 09.565 | —22 33 28.29 | 1.230 0037 


E18 


Date 


Jan. 


Feb. 


GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 


Apparent 
Right 
Ascension 


higemine ss 


20 21 50.288 
20 20 49.070 
20 19 37.651 
20 18 16.217 
20 16 45.023 


20 15 04.404 
20 13 14.774 
20 11 16.635 
20 09 10.573 
20 06 57.262 


20 04 37.456 
20 02 11.990 
19 59 41.766 
19 57 07.749 
19 54 30.953 


19 51 52.425 
19 49 13.238 
19 46 34.470 
19 43 57.193 
19 41 22.455 


19 38 54.270 
19 36 24.605 
19 34 03.367 
19 31 48.398 
19 29 40.460 


19 27 40.239 
19 25 48.333 
19 24 05.257 
19 22 31.441 
19 21 07.236 


LOPLOS 22917, 
19 18 48.691 
19 17 54.705 
19 17 11.047 
19 16 37.756 


19 16 14.822 
19 16 02.193 
19 15 59.781 
19 16 07.460 
19 16 25.077 


19 1652.45] 
19 17 29.382 
19 18 15.648 
19 19 11.015 
19 20 15.234 


19 21 28.049 
19 22 49.196 


Apparent 
Declination 


io} , ” 


—17 3601.41 
17 24 05.42 
17 12 29.78 
17 01 15.64 
16 50 24.07 


—16 3956111 
16 29 52.70 
16 20 14.76 
16 11 03.12 
16 02 18.53 


—15 5401.70 
15 46 13.24 
15 38 53.68 
15 32 03.49 
15 25 43.03 


— SHOTS 259) 
15 14 32.37 
15 09 42.47 
15 05 22.91 
15 01 33.60 


—14 58 14.31 
14 55 24.75 
14 53 04.47 
14 51 12.91 
14 49 49.40 


—14 48 53.13 
14 48 23.19 
14 48 18.53 
14 48 38.01 
14 49 20.37 


—14 50 24.26 
1451 48.23 
14 53 30.77 
14 55 30.30 
1457 45.18 


—15 0013'73 
15 02 54.25 
15 05 45.01 
15 08 44.27 
15 11 50.25 


—15 15 01.23 
15 18 15.46 
TS 2USie23 
15 24 46.84 
15 28 00.65 


—15 31 11.06 
—15 34 16.48 


VENUS, 1998 


AN 
Geocentric 
Distance 


0.301 1200 
.297 1283 
.293 3455 
.289 7803 
.286 4416 


0.283 3384 
.280 4793 
.277 8728 
Pils) SPAY) 
.273 4493 


0.271 6469 
.270 1257 
.268 8912 
.267 9478 
.267 2988 


0.266 9466 
.266 8924 
.267 1365 
.267 6779 
.268 5148 


0.269 6442 
.271 0622 
.272 7640 
.274 7441 
.276 9961 


0.279 5132 
.282 2879 
.285 3124 
.288 5787 
.292 0785 


0.295 8033 
.299 7450 
.303 8952 
308 2457 
312 7883 


0.317 5150 
322 4178 
327 4889 
.332 7204 
.338 1050 


0.343 6350 
349 3035 
355 1032 
361 0275 
367 0697 


0.373 2236 
0.379 4831 


Mar. 


Date 


NNN ND VY 
Ae wWwhr 


On 


Apparent 
Right 
Ascension 


ies 


19 22 49.196 
19 24.18.406 
19 25 55.407 
19 27 39.927 
197297312698 


19 31 30.434 
19 33 35.882 
19 35 47.770 
19 38 05.836 
19 40 29.822 


19 42 59.473 
19 45 34.543 
19 48 14.792 
19 50 59.991 
19 53 49.921 


19 56 44.374 
19 59 43.148 
20 02 46.055 
20 05 52.910 
20 09 03.538 


20 12 17.767 
20 15 35.435 
20 18 56.382 
20 22 20.456 
20 25 47.507 


20 29 17.394 
20 32 49.976 
20 36 25.120 
20 40 02.695 
20 43 42.575 


20 47 24.637 
20 51 08.762 
20 54 54.835 
20 58 42.742 
Z2O2Z32375 


21 06 23.629 
21 10 16.399 
21 14 10.586 
18 06.093 
22 02.826 


NN 


21 26 00.698 
219291591625 
21 33 59.529 
21 38 00.338 
21 42 01.986 


21 46 04.409 
21 50 07.551 


Apparent 
Declination 


Oo & ht 


—15 34 16.48 
15 37 15.41 
15 40 06.39 
15 42 48.01 
15 45 18.91 


—15 47 37.80 
15 49 43.44 
15 51 34.66 
[5 53:10:32 
15 54 29.36 


—15 55 30.78 
15 56 13.60 
15 56 36.93 
15 56 39.88 
15 56 21.67 


—15 55141:52 
15 54 38.71 
15 53 12.60 
15 51 22.54 
15 49 07.97 


—15 46 28.33 
15 43 23.13 
15 3915191 
15 35 54.24 
15 3829275 


—15 263810 
15 21 18.98 
[51S 2516 
15 09 17.41 
15 02 34.56 


—14 55 23.49 
14 47 44.09 
14 39 36.33 
14 31 00.19 
14 21 55.69 


—14 12 22.89 
14 02 21.89 
13 5W52287 
13 40 55.80 
13 29 31.06 


—13 17 38.80 
13 05 19.24 
12 52 32.64 
12 39 19.28 
12 25 39.45 


—= 12 LSS t4As 
—11 57 01.68 


imes. 
Geocentric 
Distance 


0.379 4831 
385 8424 
392 2960 
398 8384 
.405 4648 


0.412 1703 
.418 9503 
425 8006 
432 7171 
.439 6959 


0.446 7334 
453 8265 
.460 9720 
.468 1672 
475 4097 


0.482 6971 
490 0272 
497 3981 
.504 8076 
POW 22539 


0.519 7351 
527 2492 
534 7943 
542 3687 
549 9706 


0.557 5982 
565 2497 
Si 259 
580 6179 
588 3313 


0.596 0621 
.603 8089 
.611 5700 
619 3442 
.627 1299 


0.634 9260 
.642 7310 
650 5438 
658 3632 
.666 1883 


0.674 0181 
.681 8519 
.689 6890 
.697 5290 
105 3715 


OFS 2159 
0.721 0620 


Date 


Apr. 


May 


GEOCENTRIC COORDINATES FOR 0" DYNAMICAL TIME 


Apparent True 


Apparent 
Right 
Ascension 


hime “s 
21 46 04.409 
21 50 07.551 
21 54 11.358 
2158 15.780 
22 02 20.772 


22 06 26.291 
22 10 32.300 
22 14 38.762 
22 18 45.645 
220292918 


22 27 00.554 
22 31 08.527 
22 35 16.815 
228995395 
22 43 34.247 


22 47 43.355 
22 51 52.700 
22 56 02.266 
23 00 12.040 
23 04 22.008 


23 08 32.159 
23 12 42.481 
23 16 52.965 
23 21 03.606 
23 25 14.398 


232905839 
23 33 36.428 
23 37 47.668 
23 41 59.060 
23 46 10.611 


23 50 22.329 
23 54 34.225 
23 58 46.310 
0 02 58.601 
0.07 11.114 


0 11 23.867 
0 15 36.879 
019 50.171 
0 24 03.765 
0 28 17.681 


0 32 31.943 
0 36 46.573 
0 41 01.595 
0 45 17.030 
0 49 32.901 


0 53 49.231 
0 58 06.042 


VENUS, 1998 


T 


BIg 


Apparent a True Apparent ; 

Declination | “Sistance’ | "| Ascension | Declination | SSPenoe 
se a? heen aes ee i aad 

12 EPSS47)| O71312159 0 58 06.042 | + 412 12.72 | 1.066 0142 
11 5701.68 | .721 0620 1 02 23.356 437 16.46 | .073 3132 
11 42 04.42 | .728 9093 1 06 41.194 5.02 19.54 | .080 5883 
11 2642.04 | .736 7573 1 10 59.579 5 2721.27 | .087 8386 
11 1054.93 | .744 6055 TUS TSS33 5 52 20.99 | .095 0634 
—10 54 43.46 | 0.752 4533 1 19 38.077 | + 617 18.01 | 1.102 2623 
10 38 08.04 | .760 3001 I. 23°58:285 6 42 11.64 | .109 4345 
10 2109.07 | .768 1454 1 28 19.028 TOPOLZ2AE MGI 795 
10 03 46.98 | .775 9884 1 32 40.477 731 46.05 | .123 6971 
9 46 02.21 .783 8284 1 37 02.603 756 25.45 | .130 7869 
— 92755.22 | 0.791 6648 1 41 25.427 | + 8 2058.72 | 1.137 8487 
9 09 26.48 | .799 4969 1 45 48.968 8 45 25.16 | .144 8824 
8 50 36.47 | .807 3238 1 50 13.249 909 44.08 | .151 8878 
8 3125.69 | .815 1448 1 54 38.292 9 33 54.80 | .158 8650 
8 1154.65 | .822 9592 159 04.122 DS TSO620% S1O5t8137 
— 752 03.88 | 0.830 7661 2 03 30.762 | +10 21 48.86 | 1.172 7338 
7 3153.93 | .838 5648 2 07 58.238 10 45 30.84 | .179 6251 
7 1125.33 | .846 3544 2 12 26.575 1109 01.88 | .186 4874 
6 50 38.67 | .854 1342 2 16 55.798 11 3221.31 | .193 3204 
6 29 34.51 .861 9034 2 21 25.932 1155 28.43 | .200 1239 
— 608 13.45 | 0.869 6612 2 25 57.000 | +12 18 22.59 | 1.206 8974 
5 46 36.07 | .877 4068 2 30 29.026 12 41 03.09 | .213 6407 
5 2442.99 | .885 1396 2 35 02.032 13103229126," 22073533 
5 02 34.81 .892 8590 2 39 36.039 13 25 40.42 | .227 0349 
440 12.14 | .900 5644 2 44 11.067 13 47 35.88 | .233 6850 
— 41735.60 | 0.908 2555 2 48 47.135 | +1409 14.95 | 1.240 3031 
3 5445.81 91S 9319 2 53 24.259 14 30 36.95 | .246 8886 
3 31 43.39 | .923 5934 2 58 02.455 1451 41.18 | .253 4409 
3 08 28.98 | .931 2400 3 02 41.737 151226:95 2 £259:9595 
2 4503.19 | .938 8715 3107 2247 15 32 53.56 | .266 4435 
— 221 26.67 | 0.946 4878 3 12 03.606 | +15 53 00.31 | 1.272 8924 
157 40.02 | .954 0887 3 16 46.214 16 12 46.51 .279 3054 
1 33 43.86 | .961 6740 3 21 29.948 16 32 11.44 | .285 6819 
1 09 38.82 | .969 2435 3 26 14.815 1651 14.44 | .292 0211 
0 45 25.51 .976 7967 3 31 00.819 17 09 54.80 | .298 3225 
— 021 04.54 | 0.984 3335 3 35 47.960 | +17 28 11.86 | 1.304 5854 
+ 003 23.47 | .991 8534 3 40 36.238 17 46 04.92 | .310 8094 
0 27 57.89 | 0.999 3560 3 45 25.648 18 03 33.32 | .316 9942 
0 52 38.11 | 1.006 8408 3 50 16.184 18 20 36.37 | .323 1394 
1 1723.50 | .014 3073 3 55 07.836 18 37 13.42 | .329 2449 
+ 142 13.44 | 1.021 7551 400 00.597 | +18 53 23.78 | 1.335 3104 
2 07 07.29 | .029 1835 4 04 54.456 19 09 06.82 | .341 3360 
2 32 04.41 .036 5921 4 09 49.404 19 24 21.88 | .347 3214 
2 5704.17 | .043 9801 4 14 45.428 19 39 08.32 | .353 2666 
3 22 05.91 O51 3469 4 19 42.517 LO SSwz5.a5aq|\— e509 15 
+ 3 4708.98 | 1.058 6918 4 24 40.657 | +2007 12.94 | 1.365 0360 
+ 412 12.72 | 1.066 0142 4 29 39.834 | +20 20 29.91 | 1.370 8600 


E20 


VENUS, 1998 


GEOCENTRIC COORDINATES FOR 0" DYNAMICAL TIME 


Apparent 
Date | Rint | pAPParent | Gedcentric | Date 
Ascension Distance 
hom s af ae 
July 1 | 424 40.657 | +2007 12.94 | 1.365 0360 | Aug. 16 
2 | 429 39.834 20 20 29.91 .370 8600 17 
3 | 434 40.031 20 33 15.88 .376 6432 18 
4 | 439 41.229 20 45 30.29 | .382 3855 19 
5 | 444 43.407 20 57 12.60 | .388 0868 20 
6 | 449 46.543 | +21 08 22.27 | 1.393 7467 ma 
7 | 454 50.611 21 18 58.79 399 3651 22 
8 | 459 55.586 21 29 01.65 404 9417 23 
9 | 505 01.438 21 38 30.37 .410 4762 24 
10 | 5 10 08.136 21 47 24.48 415 9682 25 
11 | 515 15.646 | +21 55 43.53 | 1.421 4173 26 
12 | 5 20 23.935 22 03 27.07 426 8230 27 
13} 5.25 322965 22 10 34.69 432 1848 28 
14 | 5 30 42.699 22 17 05.99 .437 5021 29 
15 | 5 35 53.098 22 23 00.60 | .442 7743 30 
16 | 541 04.120 | +22 28 18.14 | 1.448 0008 31 
17 | 5 46 15.722 22 32 58.32 | .453 1809 | Sept. 1 
18 | 5 51 27.859 22 37 00.82 .458 3141 2 
19 | 5 56 40.482 22 40 25.37 .463 3999 3 
20 | 601 53.541 22 43 11.74 468 4377 4 
21 | 607 06.984 | +22 45 19.69 | 1.473 4272 5 
22) 16 1220. 755 22 46 49.05 478 3681 6 
23 | 6 17 34.802 22 47 39.62 .483 2602 7 
24 | 6 22 49.068 22 47 51.26 .488 1032 8 
25 | 6 28 03.500 22 47 23.86 | .492 8971 9 
26 | 6 33 18.046 | +22 46 17.30 | 1.497 6419 10 
27 | 6 38 32.652 22 44 31.54 502 3374 11 
28 | 6 43 47.268 22 42 06.53 506 9838 12 
29 | 649 01.842 22 39 02.26 | .511 5810 13 
30 | 654 16.326 QBS 1817 516 1291 14 
31 | 659 30.669 | +22 30 56.09 | 1.520 6280 15 
Aug. 1 | 704 44.823 22 2515432 .525 0778 16 
2 | 709 58.741 22 20 13.57 529 4784 17 
Bale? 15 12376 22 13'53,97 533 8298 18 
4 | 7 20 25.682 22 06 55.68 538 1321 19 
5 | 7 25 38.613 | +2159 18.90 | 1.542 3853 20 
Ge? 30 St. 127 21 51 03.85 546 5892 21 
7 | 736 03.182 21 42 10.76 550 7438 22 
8 | 741 14.735 21 32 39.89 554 8491 23 
9 | 7 46 25.750 21 2280.52 558 9047 24 
10 | 751 36.189 | +21 1145.95 | 1.562 9104 25 
11 | 756 46.019 21 00 23.50 566 8658 26 
12 | 801 55.208 20 48 24.53 570 7706 27 
13 | 807 03.725 20 35 49.39 574 6243 28 
14 | 8 12 11.540 20 22 38.50 | .578 4265 29 
15 | 8 17 18.624 | +20 08 52.28 | 1.582 1766 30 
16 | 8 22 24.948 | +19 54 31.18 | 1.585 8743 | Oct. 1 


Apparent 
Right 
Ascension 


hem os 


8 22 24.948 
8 27 30.484 
8 8235205 
8 37 39.087 
8 42 42.105 


8 47 44.24] 
8 52 45.476 
8 57 45.795 
9 02 45.188 
9 07 43.645 


9 12 41.159 
91737926 
9 22 33.345 
9 27 28.016 
9 32 21.740 


9 37 14.523 
9 42 06.370 
9 46 57.289 
9 51 47.291 
9 56 36.387 


10 01 24.592 
10 06 11.923 
10 10 58.399 
10 15 44.044 
10 20 28.880 


10 25 12.933 
10 29 56.228 
10 34 38.790 
10 39 20.643 
10 44 01.812 


10 48 42.322 
10 53 22.200 
10 58 01.472 
11 02 40.167 
11 07 18.315 


11 11 55.948 
11 16 33.097 
11 21 09.796 
11 25 46.080 
11 30 21.984 


11 34 57.542 
L391325792 
11 44 07.771 
11 48 42.515 
11 53 17.062 


11 57 51.450 
L2j02k 259719 


Apparent 
Declination 


+19 54 31.18 
19 39 35.67 
19 24 06.24 
19 08 03.40 

18 51 27.67 


+18 34 19.58 
18 16 39.67 
17 58 28.51 
17 39 46.66 
17 20 34.71 


+17 00 53.27 
16 40 42.93 
16 20 04.32 
15 58 58.07 
15 37 24.82 


lS 1925 22 
14 52 59.92 
14 30 09.59 
14 06 54.91 
13 43 16.52 


-F1S 4190S 
12 54 51.38 
12 30 05.96 
12 04 59.54 
11398279 


+11 13 46.39 
10 47 41.04 
10 21 17.44 
9 54 36.31 
9273887 


+ 9 00 24.34 
8 32 54.94 
8 05 10.89 
T3TM293 
7 09 01.78 


+ 6 40 38.15 
6 12 02.78 
5 43 16.39 
5 1419.71 
4 45 13.47 


+ 415 58.39 
3 46 35.22 
3 17 04.67 
2 47 27.49 
2 17 44.42 


+ 1 4756.18 


=) TSt03358 


True | 
Geocentric 
Distance 


1.585 8743 
589 5192 
593 1110 
596 6494 
.600 1342 


1.603 5655 
.606 9430 
.610 2669 
.613 5371 
.616 7539 


1.619 9173 
.623 0275 
.626 0846 
.629 0889 
.632 0405 


1.634 9396 
.637 7866 
.640 5816 
.643 3248 
.646 0164 


1.648 6568 
651 2459 
.653 7839 
.656 2708 
.658 7063 


1.661 0904 
.663 4228 
.665 7032 
.667 9313 
.670 1069 


1.672 2298 
.674 2999 
.676 3170 
.678 2811 
.680 1923 


1.682 0507 
.683 8562 
.685 6092 
.687 3099 
688 9583 


1.690 5549 
.692 1000 
693 5938 
.695 0367 
.696 4291 


1.697 7714 
1.699 0639 


GEOCENTRIC COORDINATES FOR 0" DYNAMICAL TIME 


VENUS, 1998 


Date 


Oct. 


Nov. 


Apparent 
Date Right 


Apparent 
sh | ar eee 

Ascension Penne Distance Ascension 

hi ms Cae <7 Heim es 
12 02 25.719 | + 1 18 03.53 | 1.699 0639 | Nov. 16 | 15 41 47.779 
12 06 59.907 0 48 07.19 .700 3072 17 | 15 46 57.191 
12 11 34.055 | + 018 07.90 .701 5016 18 | 15 52 07.821 
12 16 08.205 | — 011 53.61 .702 6476 19 | 15 57 19.657 
12 20 42.401 0 41 56.61 .703 7455 20 | 16 02 32.683 
12 25 16.688 | — 1 12 00.39 | 1.704 7956 21 | 16 07 46.879 
12 29 $1.112 1 42 04.22 .705 7981 22) ANOM3IO21203 
D384 257i 2 12 07.40 .706 7530 23 | 16 18 18.690 
12 39 00.548 2 42 09.18 .707 6604 247 NG23536:252 
12 43 35.646 3 12 08.83 .708 5201 25 | 16 28 54.878 
12 48 11.054 | — 3 42 05.60 | 1.709 3320 26 | 16 34 14.534 
12 52 46.809 4 11 58.73 .710 0960 27 | 16 39 35.185 
12 57 22.953 441 47.45 .710 8120 28 | 16 44 56.794 
13 01 59.523 5 11 31.02 .711 4798 29 | 16 50 19.322 
13 06 36.558 5 41 08.64 .712 0994 30 | 16 55 42.730 
13 11 14.099 | — 6 1039.56 | 1.712 6708 | Dec. 1 | 1701 06.975 
US LS S282 6 40 03.01 .713 1941 2 | 17 06 32.015 
13 20 30.848 7 09 18.21 .713 6693 3 | 17 11 57.803 
13 25 10.132 7 38 24.38 .714 0965 4} 1717 24.291 
13 29 50.073 8 07 20.75 .714 4758 51/27 229516426 
13 34 30.708 | — 8 3606.53 | 1.714 8075 6 | 17 28 19.155 
13 39 12.071 9 04 40.94 .715 0918 7 | 17 33 47.422 
13 43 54.198 9 33 03.19 -715 3289 8 | 17 39 16.168 
13 48 37.122 10 01 12.49 .715 5191 9 | 17 44 45.334 
13 53 20.876 10 29 08.04 .715 6627 10 | 1750 14.861 
13 58 05.492 | —10 56 49.04 | 1.715 7601 11 | 1755 44.687 
14 02 51.001 11 24 14.68 715 8117 12 | 1801 14.748: 
14 07 37.432 1151 24.17 .715 8178 13 | 18 06 44.981 
14 12 24.815 12 18 16.70 .715 7789 14 | 18 12 15.321 
14 17 13.179 12 44 51.48 .715 6956 15 | 18 17 45.701 
14 22 02.549 | —13 11 07.71 | 1.715 5682 16 | 18 23 16.056 
14 26 52.952 13 37 04.58 WS 3973 17 | 18 28 46.317 
14 31 44.415 14 02 41.27 .715 1835 18 | 18 34 16.417 
14 36 36.966 14 27 56.98 .714 9270 19 | 18 39 46.288 
14 41 30.633 14 52 50.92 -714 6285 20 | 18 45 15.862 
14 46 25.441 | —15 17 22.31 | 1.714 2880 21 | 18 50 45.071 
14 51 21.410 15 41 30.37 .713 9059 22 | 18 56 13.849 
14 56 18.560 16 05 14.32 .713 4821 23 | 1901 42.130 
15 01 16.905 16 28 33.36 .713 0167 24 | 1907 09.850 
15 06 16.459 16 51 26.69 .712 5096 25 | 19 12 36.948 
(5117-231) | = 1718 53152 1.719606 26 | 19 18 03.365 
15 16 19.231 17 35 53.06 .711 3696 27 | 19 23 29.045 
15 21 22.464 17 57 24.50 .710 7367 28 | 19 28 53.934 
15 26 26.935 18 18 27.07 .710 0617 29 | 19 34 17.982 
15 31 32.646 18 38 59.98 .709 3446 30 | 19 39 41.141 
15 36 39.595 | —18 59 02.47 | 1.708 5854 31 | 19 45 03.364 
15 41 47.779 | —19 18 33.78 | 1.707 7840 32 | 19 50 24.610 


Apparent 
Declination 


° , a” 


—19 18 33.78 
LOBIMS3 5 
LORS5SI5 9385 
20 13 53.13 
Z0BUM229 


—20 47 56.61 
21 04 05.39 
Z1G193 7.97) 
21 34 33.68 
21 48 51.86 


—22 02 31.88 
22 15 33.14 
22721 39.05 
22 39 37.04 
22 50 38.57 


—23 00 59.15 
23 10 38.30 
2319135.58 
23 2050S 
23 35 22.90 


—23 42 12.20 
23 48 18.12 
23 53 40.36 
23 58 18.64 
24 02 12.72 


—24 05 22.38 
24 07 47.44 
24 09 27.77 
24 10 23.27 
24 10 33.87 


—24 09 59.54 
24 08 40.29 
24 06 36.15 
24 03 47.21 
24 00 13.59 


—23195'95.41 
23 50 52.88 
23 45 06.19 
23 38 35.59 
2321.35 


— 23123 23.79 
23 14 43.23 
23 05 20.06 
22 55 14.67 
22 44 27.50 


=27732 59.02 
—22 20 49.72 


E2h 


True | 
Geocentric 
Distance 


1.707 7840 
706 9406 
.706 0552 
705 1279 
.704 1588 


1.703 1480 
.702 0958 
.701 0023 
699 8679 
.698 6927 


1.697 4772 
.696 2218 
.694 9268 
.693 5926 
.692 2199 


1.690 8089 
.689 3602 
.687 8741 
.686 3509 
684 7908 


1.683 1939 
.681 5600 
.679 8892 
.678 1813 
.676 4361 


1.674 6535 
.672 8334 
.670 9756 
.669 0799 
.667 1463 


1.665 1747 
.663 1649 
.661 1169 
.659 0306 
.656 9060 


1.654 7430 
652 541° 
.650 3024 
.648 0250 
.645 7096 


1.643 3567 
.640 9664 
638 5391 
.636 0751 
.633 5748 


1.631 0385 
1.628 4664 


E22 


GEOCENTRIC COORDINATES FOR 0" DYNAMICAL TIME 


MARS, 1998 


Apparent Apparent 
Date Right mhintibe’ Geprenthe Date Right Se boosie 
Ascension Distance Ascension Distance 
hem 7s ee EY res: OS eee 
Jan. O | 2051 01.370 | —18 52 28.70 | 2.133 3251 | Feb. 15 | 23 1034.807 | — 613 42.15 | 2.276 9551 
1 | 20 54 12.930 18 39 22.16 .136 5695 16 | 23 1328.129 5 54 55.39 .279 9471 
2 | 2057 24.064 18 26 03.64 .139 8067 Wi?) 23.16 Zievs2! 5 36 06.09 282 9333 
3 | 21 00 34.765 18 12 33.34 .143 0366 18 | 23 19 13.977 5 17 14.45 .285 9133 
4 | 21 03 45.030 17 58 51.43 .146 2595 19 | 23 22 06.522 4 58 20.65 .288 8868 
5 | 21 06 54.853 | —17 4458.11 | 2.149 4756 20 | 23 24 58.827 | — 439 24.90 | 2.291 8534 
6 | 21 10 04.233 1730'53.57 152 6853 2A 2B. SULS99 4 20 27.39 .294 8127 
Ne SSeS. 168 17 16 38.00 155 8889 22 | 23 30 42.748 401 28.32 .297 7644 
8 | 21 16 21.656 17 02 11.61 159 0868 23 | 23 33 34.380 3 42 27.89 300 7079 
9 | 21 19 29.696 16 47 34.60 mG2627.95: 24 | 23 36 25.802 33)26.31 303 6428 
10 | 21 22 37.288 | —16 32 47.17 | 2.165 4673 25 | 23 39 17.021 | — 304 23.77 | 2.306 5685 
11 | 21 25 44.430 16 17 49.52 .168 6506 26 | 23 42 08.041 2 45 20.49 309 4846 
VRIE2 2823 16 02 41.88 .171 8297 27 | 23 44 58.870 2 26 16.66 .312 3906 
13] 21 31 57.368 15 47 24.43 .175 0048 28 | 23 47 49.514 2 07 12.48 315 2861 
14 | 21 35 03.165 [5S SHESS .178 1760 | Mar. 1 | 23 50 39.981 1 48 08.15 .318 1709 
15 | 21 38 08.517 | —15 16 20.92 | 2.181 3435 2 | 23 53 30.278 | — 1 29 03.86 | 2.321 0450 
16 | 21 41 13.428 15 00 35.26 .184 5073 34 23 56 20:413 1 09 59.79 323 9082 
17 | 21 44 17.899 14 44 40.60 .187 6673 4} 23 59 10.393 0 50 56.14 326 7606 
LSM) 247209357 14 28 37.12 .190 8235 5 0 02 00.225 O23 53. Td .329 6023 
19 | 21 50 25.544 14 12 25.03 .193 9758 6 0 04 49.915 0 12 50.89 332 4335 
20 | 21 53 28.726 | —13 56 04.54 | 2.197 1240 q 0 07 39.471 | + 006 10.33 | 2.335 2543 
21 |} 21 56 31.486 13 39 35.85 .200 2679 8 0 10 28.899 0 25 10.34 338 0647 
22 | 21 59 33.830 13 22 59.17 .203 4073 9 0 13 18.208 0 44 08.98 340 8648 
286| 22.02°35.761 13 06 14.70 .206 5419 10 | 0 1607.406 1 03 06.06 343 6547 
24 | 22 05 37.284 12 49 22.66 .209 6715 11 0 18 56.503 1 22 01.39 346 4343 
D54| 22.08: 88:402" | 1232 23:26, || 22127958 12 0 21 45.507 | + 1 4054.81 | 2.349 2036 
26%| 22 PERSONS L2NS 1673 2159144 13 0 24 34.430 159 46.15 351 9624 
27 | 22 14 39.437 11 58 03.28 .219 0270 14 0 27 23.280 2.18 35.24 .354 7106 
Dene D2 WS DOO: 11 40 43.15 222 1332. 15 0 30 12.068 2372191 357 4481 
29 | 22 20 38.882 11 23 16.55 V2 2920 16 0 33 00.804 2 56 06.00 360 1744 
30 | 22 23 38.013 | —11 05 43.70 | 2.228 3255 17 0 35 49.498 | + 3 1447.34 | 2.362 8895 
Bi Me22 20.36: 759 10 48 04.82 2314112 18 0 38 38 160 SeSo 208 He 365 5929 
Feb. 1 | 22 29 35.108 10 30 20.13 .234 4899 19 0 41 26.799 3 52 01.14 368 2842 
DAa22 S2SS08i1 10 12 29.82 .237 5617 20 0 44 15.423 4 10 33.26 .370 9630 
3 | 22 35 30.679 9 54 34.12 .240 6268 Pal 0 47 04.041 429 01.98 373 6289 
4 | 22 38 27.907 | — 9 36 33.24 | 2.243 6854 22, 0 49 52.660 | + 447 27.13 | 2.376 2813 
S22 Alb 2atiel 9 18 27.38 .246 7376 25 0 52 41.287 5 05 48.54 .378 9197 
64) 22 44 20-276 9 00 16.78 .249 7838 24 0 55 29.929 5 24 06.03 381 5435 
7 | 22 47 17.429 8 42 01.65 252 8243 25 0 58 18.592 5 42 19.44 384 1521 
Swl22 SO MB.289 8 23 42.19 255 8591 26 1 01 07.281 6 00 28.59 386 7448 
9 | 22 53 08.701 | — 8 05 18.62 | 2.258 8886 pli 1 03 56.004 | + 6 18 33.30 | 2.389 3210 
10 | 22 56 03.834 7 4651.14 .261 9128 28 1 06 44.765 6 36 33.43 .391 8803 
Ve 22) 58°98. 643 7 28 19.97 .264 9318 29 1 09 33.573 6 54 28.79 .394 4220 
129),.23 OINS3. 1355 7 09 45.28 .267 9455 30 Y 1222-432 TNV2 19.24 396 9461 
13 | 23 04 47.320 6 51 07.29 .270 9541 31 1 15 11.349 7 30 04.60 399 4521 
14 | 23 07 41.208 | — 632 26.18 | 2.273 9573 | Apr. 1 1 18 00.327 | + 747 44.72 | 2.401 9400 
15 | 23 10 34.807 | — 613 42.15 | 2.276 9551 2 1 20 49.370 | + 8 05 19.43 | 2.404 4099 


GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 


MARS, 1998 


B23 


Apparent 
Date Right Ab iit Geocentie Date eae Apparent 
Ascension eclination Distance Ascension Declination 
toa 3 SN h m ‘Ss OR 
Apr. .1 | 1 18 00.327 | + 747 44.72 | 2.401 9400 May 17 | 3 3001.667 | +19 04 22.56 
2 | 1 20 49.370 8 05 19.43 .404 4099 18 | 3 32 58.065 19 15 19.77 
3 | 1 23 38.483 8 22 48.56 .406 8617 19 | 3 35 54.643 19 26 05.67 
4 | 1 26 27.670 8 40 11.94 .409 2954 20 | 3 38 51.401 19 36 40.17 
OM) LIZ9IM67936) 8 57 29.41 a Teta QNDS A RAS S85 19 47 03.18 
6 | 1 32 06.287 | + 9 1440.81 | 2.414 1087 22 | 344 45.444 | +1957 14.61 
7 | 134 55.728 9 31 45.99 .416 4882 23 | 3 47 42.724 20 07 14.39 
8 | 1 37 45.266 9 48 44.81 418 8495 24 | 3 50 40.172 20 17 02.45 
9 | 1 40 34.909 10 05 37.11 .421 1926 DN 3 SSISHETS2 20 26 38.70 
10 | 1 43 24.663 102222575 .423 5173 26 | 3 56 35.548 20 36 03.09 
11 | 1 46 14.536 | +10 39 01.61 | 2.425 8233 27 | 3 59 33.463 | +2045 15.54 
12 | 1 49 04.535 LOH5'33%53 428 1106 28 | 402 31.516 20 54 15.96 
13 | 151 54.666 11 11 58.39 .430 3787 29 | 405 29.700 21 03 04.30 
14 | 154 44.937 11 28 16.05 .432 6275 30 | 4 08 28.007 21 11 40.46 
Pome ViS7353358 11 44 26.38 .434 8565 31 | 411 26.429 21 20 04.38 
16 | 200 25.920 | +12 00 29.25 | 2.437 0653 | June 1 | 4 14 24.962 | +21 28 15.98 
17 | 203 16.644 12 16 24.52 439 2536 2 | 417 23.600 DSO 21 
18 | 2 06 07.528 12 32 12.06 441 4207 3 | 4 20 22.336 21 44 02.01 
19 | 208 58.578 12 47 51.74 443 5663 4) 4 23 21.167 2ST 688 
20 | 2 11 49.795 13 03 23.42 .445 6895 5 | 4 26 20.088 21 58 58.11 
21 | 214 41.184 | +13 18 46.95 | 2.447 7899 6 | 429 19.093 | +22 06 07.32 
DIA LNeB2748 13 34 02.21 .449 8668 7 | 432 18.178 22 13 03.92 
23 | 220 24.488 13 49 09.05 451 9194 8 | 435 17.336 22 19 47.87 
24 | 2 23 16.409 14 04 07.34 .453 9471 9 | 438 16.564 22 26 19.14 
25 | 226 08.512 14 18 56.94 -455 9492 10 | 441 15.854 22 323071 
26 | 229 00.801 | +14 33 37.74 | 2.457 9252 11 | 444 15.200 | +22 38 43.54 
2ia\ e213 IC 53.2)/6 14 48 09.61 .459 8745 12 | 447 14.596 22 44 36.61 
28 | 2 34 45.939 15 02 32.42 .461 7969 13 | 450 14.034 22 50 16.89 
29 | 2 37 38.787 15 16 46.04 .463 6920 14 | 453 13.507 22 55 44.35 
30 | 2 40 31.820 15 30 50.35 .465 5597 15 | 456 13.006 23 00 58.98 
May 1 | 243 25.035 | +15 44 45.20 | 2.467 4001 16 | 459 12.526 | +23 06 00.74 
2 | 2 46 18.432 15 58 30.47 .469 2129 17 | 5.02 12.059 23 10 49.61 
3 | 249 12.010 16 12 06.03 .470 9983 18 | 505 11.598 23) lo25roi7 
425205770 LO Zarda S .472 7561 19 | 508 11.136 23 19 48.62 
5 | 25459.712 16 38 47.52 .474 4863 20 | 5 11 10.666 23 23 58.74 
6 | 257 53.839 | +16 51 53.23 | 2.476 1888 21 | 5 14 10.178 | +23 2755.94 
7 | 3 00 48.152 17 04 48.76 477 8635 22 | 5 17 09.662 23 31 40.22 
8 | 3 03 42.653 17 17 34.01 479 5102 23 | 5 20 09.108 23 35 11.59 
9 | 3 06 37.344 17 30 08.89 481 1288 24 | 5 23 08.502 23 38 30.06 
10 | 3 09 32.227 17 42 33.31 482 7191 25 | 5 26 07.832 23 41 35.61 
11 | 312 27.309 | +17 54 47.20 | 2.484 2808 26 | 5 29 07.084 | +23 44 28.27 
1D |) Sy tS A Poy 2? 18 06 50.71 485 8137 27 | 5 32 06.247 23 47 08.02 
135) S187 22 18 18 44.85 487 3173 Dey | sy Slay 0)55, 53) a 23 49 34.86 
145 "3 2113555 18 30 23.98 488 7914 29 | 5 38 04.266 23 51 48.82 
15 | 3 24 09.418 18 41 54.56 .490 2356 30 | 5 41 03.103 23 53 49.90 
16 | 327 05.452 | +1853 14.12 | 2.491 6492 | July 1 | 54401.813 | +2355 38.11 
17 | 330 01.667 | +19 04 22.56 | 2.493 0319 2 | 5 47 00.388 | +23 57 13.49 


True | 
Geocentric 
Distance 


2.493 0319 
.494 3829 
495 7017 
.496 9876 
498 2399 


2.499 4579 
500 6408 
501 7880 
502 8991 
503 9734 


2.505 0108 
506 0110 
506 9738 
507 8991 
508 7869 


2.509 6371 
510 4497 
S11 2246 
511 9617 
512 6609 


2.513°3221 
.513 9451 
514 5297 
fO1S0757 
515 5829 


2.516 0509 
516 4794 
.516 8679 
.517 2160 
Tso 23i 


2.517 7886 
518 0118 
518 1921 
518 3287 
518 4210 


2.518 4684 
518 4702 
.518 4261 
518 3355 
518 1983 


2.518 0142 
517 7831 
517 5050 
NS 
.516 8074 


2.516 3879 
2.9211 


E24 


GEOCENTRIC COORDINATES FOR 0" DYNAMICAL TIME 


Date 


July 


Aug. 


Apparent 
Right 
Ascension 


He OS 

5 44 01.813 
5 47 00.388 
5 49 58.820 
SS25S TOO? 
S\SS1552226 


5 58 53.184 
6 01 50.969 
6 04 48.572 
6 07 45.985 
6 10 43.201 


6 13 40.210 
6 16 37.006 
6 19 33.580 
6 22 29.926 
6 25 26.038 


6 28 21.909 
G3 ITES33 
6 34 12.902 
6 37 08.008 
6 40 02.842 


6 42°57.393 
6 45 51.650 
6 48 45.601 
6 51 39.236 
6 54 32.545 


6371251520 
7 00 18.153 
7 03 10.438 
7 06 02.368 
7 08 53.937 


7:11 45.141 
7 14 35.975 
7 17 26.432 
7 20 16.510 
7 23 06.203 


725 55.506 
7 28 44.416 
7 31032:927) 
7 34 21.036 
7 37 08.740 


7 39 56.036 
7 42 42,923 
7 45 29.399 
7 48 15.464 
751 01.116 


7 53 46.352 
7 56 31.167 


MARS, 1998 


Apparent 
cian Ee Geseenue Date Right Riese Given 
Distance Ascension Distance 
2) ie 2 Hees lie os 

+23 55 38.11 | 2.516 3879 | Aug. 16 | 7 56 31.167 | +21 42 00.71 | 2.441 7073 
23, 57 1849") PS 1519211 LT 7 S59 155558 21 34 52,76 .438 7835 
23 58 36.05 515 4071 18 | 801 59.517 I PI) > -3Xo) .435 7996 
23 59 45.84 514 8457 19 | 8 04 43.040 21 20 09.28 1432) 15511 
24 00 42.88 514 2370 20 | 8 07 26.120 21 12 33.98 .429 6500 
+24 01 27.22 | 2.513 5807 21 | 8 10 08.752 | +21 04 49.79 | 2.426 4841 
24 01 58.91 512 8767 22 | 8 12 50.933 20 56 56.83 423 2572 
24 02 17.97 121250 23 | 8 15 32.659 20 48 55.20 .419 9694 
24 02 24.47 S252 24 | 8 18 13.928 20 40 45.02 .416 6207 
24 02 18.45 510 4772 25). 8 2054737 20 32 26.40 CUO 
+24 0159.95 | 2.509 5806 26 | 8 23 35.086 | +20 23 59.45 | 2.409 7408 
24 O1 29.03 508 6350 27 | 8 26 14.973 20 15 24.29 406 2099 
24 00 45.73 507 6399 28 | 8 28 54.399 20 06 41.04 402 6186 
23 59 50.09 506 5948 29 | 831 33.361 19 57 49.80 .398 9668 
23 58 42.17 505 4990 30 | 8 34 11.862 19 48 50.71 395 2548 
+23 57 22.02 | 2.504 3520 31 | 8 36 49.899 | +19 39 43.87 | 2.391 4828 
23 55 49.71 .503 1530 | Sept. 1 | 8 39 27.474 19 30 29.42 .387 6508 
23 5405.30 | .501 9015 2 | 8 42 04.585 19 21 07.47 383 7590 
23 52 08.87 500 5969 3 | 844 41.235 19 11 38.14 .379 8074 
23 50.00.50 | .499 2386 4 | 847 17.422 19 02 01.55 .375 7962 
+23 47 40.27 | 2.497 8261 5 | 849 53.149 | +1852 17.81 | 2.371 7254 
23 45 08.25 496 3591 6 | 852 28.416 18 42 27.02 .367 5948 
23 42 24.53 494 8373 7 | 855 03.228 18 32 29.30 .363 4043 
23 39 29.17 .493 2605 SUS SBS 7SSF 18 22 24.74 .359 1537 
233602225 491 6286 9 | 900 11.500 18 12 13.44 .354 8425 
+23 33 03.84 | 2.489 9415 10 | 902 44.968 | +18 01 55.53 | 2.350 4703 
23 29 34.01 488 1993 11 | 905 17.995 IF SUS .346 0367 
23)2552.86 486 4018 12 | 907 50.583 17 41 00.32 341 5411 
23 22 00.45 484 5491 IB NON O22H3 17 30 23.28 |. .336 9833 
23 17 56.89 482 6413 14 | 9 12 54.437 17 19 40.12 332 3628 
+23 13 42.24 | 2.480 6784 1S | 915 25.701 | +17 08 50.98 | 2.327 6794 
23 09 16.62 .478 6603 16 | 917 56.521 16 57 55.98 .322 9328 
23 04 40.10 .476 5871 17 | 9 20 26.896 16 46 55.24 .318 1230 
22 59 52.80 .474 4589 18 | 9 22 56.825 16 35 48.89 .313 2499 
22 54 54.80 472 2755 19 | 9 25 26.309 16 24 37.03 308 3136 
+22 49 46.21 | 2.470 0370 20 | 9 27 55.348 | +16 13 19.80 | 2.303 3140 
22 44 27.14 .467 7432 21 | 9 30 23.943 16 O01 57.30 .298 2514 
22 38 57.67 .465 3942 22 | 9 32 52.096 15 50 29.65 .293 1259 
22 33 17.91 .462 9897 23 | 935 19.809 15 38 56.97 .287 9377 
22.2R2T 94 .460 5294 24 | 9 37 47.084 15 27 19.38 .282 6871 
+22 21 27.87 | 2.458 0129 25 | 9 40 13.922 | +15 15 36.99 | 2.277 3744 
22 15 17.79 455 4399 26 | 9 42 40.327 15 03 49.92 .271 9998 
22 08 57.79 452 8098 27 | 9 45 06.301 14 51 58,30 .266 5637 
22 02 27.97 .450 1221 28 | 9 47 31.846 14 40 02.25 .261 0663 
21 55 48.44 .447 3761 29 | 9 49 56.963 14 28 01.87 255 5080 
+21 48 59.31 | 2.444 5714 30 | 952 21.657 | +14 15 57.29 | 2.249 8891 
+21 42 00.71 | 2.441 7073 | Oct. 1 | 954 45.928 | +1403 48.63 | 2.244 2098 


GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 


MARS, 1998 


B25 


Apparent Apparent 

Date Right Rie Gesconie Date Right EPA Gaerne 
Ascension eciination Distance Ascension Declination Distance 
hem 4s Nee 1g heem: | ss, Oe ae get! 

Octes V1 9 54 45.928 | +14 03 48.63 | 2.244 2098 | Nov. 16 | 11 38 40.479 | + 402 52.21 | 1.919 3367 
» 9 57 09.782 13 51 35.99 .238 4705 17 | 11 40 48.133 3 49 33.49 .910 9764 
3 9 59 33.220 13 39 19.49 .232 6713 18 | 11 42 55.471 3 36 15.81 .902 5657 
4} 1001 56.249 13 26 59.21 .226 8126 19 | 11 45 02.492 3.22 59.28 .894 1052 
5 | 10 04 18.872 LS} Su Sis 22 7/ .220 8942 20 | 11 47 09.195 3 09 44.01 .885 5955 
6 | 1006 41.099 | +13 02 07.76 | 2.214 9162 21 | 11 49 15.579 | + 256 30.10 | 1.877 0374 
7 | 1009 02.934 12 49 36.75 .208 8785 22 \ 1 SIP 21642 2 43 17.67 .868 4315 
8 | 1011 24.385 12 37 02.37 .202 7807 23 | 11 53 27.384 2 30 06.81 .859 7787 
9 | 10 13 45.456 12 24 24.72 .196 6226 24 | 11 55 32.803 2 16 57.63 .851 0798 

10 | 10 16 06.149 12 11 43.91 .190 4039 25 | 11 57 37.898 2 03 50.23 .842 3356 
11 | 10 18 26.465 | +1159 00.08 | 2.184 1244 26 | 1159 42.669 | + 150 44.72 | 1.833 5468 
12 | 10 20 46.405 Mone SS MAT SSi. PEE POON ATES) 1 37 41.19 .824 7143 
13 | 10 23 05.969 11 33 23.84 .171 3819 28:5 12038 5h.237, ] 24 39.72 .815 8388 
14 | 10 25 25.156 11 20 31.66 .164 9189 29 | 12 05 55.038 1 11 40.40 .806 9210 
15 | 10 27 43.968 11 07 36.94 .158 3947 30 | 12 07 58.519 0 58 43.30 .197 9616 
16 | 10 30 02.405 | +10 54 39.80 | 2.151 8094 | Dec. 1 | 12 10 01.684 | + 045 48.50 | 1.788 9610 
17 | 10 32 20.469 10 41 40.33 .145 1632 Pale 2a2049535 0 32 56.07 779 9198 
18 | 10 34 38.161 10 28 38.65 .138 4564 3 | 12 1407.075 0 20 06.09 .770 8384 
19 | 10 36 55.484 10 15 34.89 .131 6891 4} 12 16 09.301 | + 007 18.63 .761 7168 
20 | 10 39 12.439 10 02 29.13 .124 8619 5 | 12 18 11.213 | — 005 26.20 .752 5554 
21 | 1041 29.029 | + 949 21.51 | 2.117 9750 6 | 12 20 12.805 | — 018 08.30 | 1.743 3543 
22 | 10 43 45.255 9 36 12.12 .111 0288 7 | 1222 14.074 0 30 47.56 .734 1138 
23 | 10 46 01.120 9 23 01.08 .104 0239 8 12 2451S:013 0 43 23.88 .724 8341 
24 | 10 48 16.626 9 09 48.51 .096 9607 9 | 12 26 15.619 055 57.16 .715 5156 
2a. | 10 S031-773 8 56 34.51 .089 8397 10 | 12 28 15.886 1 08 27.29 .706 1587 
26 | 1052 46.565 | + 8 43 19.21 | 2.082 6615 11 | 1230 15.810 | — 1 2054.18 | 1.696 7641 
27 | 10 55 01.003 8 30 02.69 .075 4265 2a IQS2 5.384 LSS 1272 .687 3322 
28 | 1057 15.089 8 16 45.09 .068 1353 13 | 12 34 14.605 1 45 37.82 .677 8638 
29 | 10 59 28.826 8 03 26.50 .060 7885 14 | 12 36 13.466 MeSi725 4237 .668 3596 
30 | 11 01 42.216 7 50 07.03 .053 3866 15 | 12 38 11.961 2 10 07.28 658 8203 
31 | 1103 55.262 | + 736 46.77 | 2.045 9300 16 | 1240 10.083 | — 222 16.45 | 1.649 2468 

Nov. 1 | 11 06 07.971 WD o2 .038 4191 La VARA DOVES D7 2 34 21.78 .639 6399 
2 | 11 08 20.346 7 10 04.26 .030 8544 18 | 12 44 05.183 2 46 23.16 .630 0006 
BF ell WOB2395 6 56 42.17 .023 2361 19 | 12 46 02.146 2 58 20.50 .620 3298 
AN LO44123 6 43 19.63 .015 5643 20 | 12 47 58.706 3 10 13.69 .610 6286 
5 | 11 1455.537 |} + 6 29 56.74 | 2.007 8390 21 | 1249 54.857 | — 3 2202.64 | 1.600 8981 
6 | 11 17 06.639 6 16 33.58 | 2.000 0602 22) -| 12 5150.589 SSI AT23 591 1392 
7 | 11 19 17.430 6 03 10.28 | 1.992 2277 23 | 12 53 45.897 3 45 27.39 581 3531 
Sell eel 5 49 46.93 .984 3417 24 | 12 55 40.771 3 57 03.01 .571 5409 
9 | 11 23 38.081 5 36 23.66 .976 4019 Da) 1259-35208 4 08 34.01 561 7037 

10 | 11 25 47.938 | + 5 23 00.58 | 1.968 4086 26511259 29.201) | = "420100132 15518425 
11) V1 2 S748 5 09 37.81 .960 3618 27 | 13 01 22.746 431 21.86 541 9583 
12 | 11 30 06.710 4 56 15.44 952 2618 28 | 13 03 15.839 4 42 38.57 532 0521 
13°] 11 32 15.625 4 42 53.59 .944 1088 29 | 13 05 08.474 4 53 50.39 e247. 
V4eelsl 424225 4 29 32.37 .935 9034 30 | 13 07 00.649 SO45S 7025: 512 1769 
15 | 11 36 32.510 | + 4 1611.88 | 1.927 6458 31 | 13 08 52.355 | — 5 1559.09 } 1.502 2094 
16 | 11 38 40.479 | + 402 52.21 | 1.919 3367 32 | 13 10 43.585 | — 5 2655.84 | 1.492 2227 


GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 


JUPITER, 1998 


E26 
| Apparent 
Date | Right | APPAENt | Gegcentric 
Ascension Distance 
nN oS he es te 

Jan. 0 | 21 38 47.242 | —145905.51 | 5.699 2934 
1 | 21 39 35.953 1455 01.10 | .709 7642 
2 | 21 40 24,934 14 50 54.69 .720 0693 
3 | 2141 14.178 14 46 46.29 .730 2067 
4 | 21 42 03.677 14 42 35.94 | .740 1746 
5 | 21 42 53.425 | —14 38 23.64 | 5.749 9716 
6 | 21 43 43.416 14 34 09.41 .759 5962 
7 | 21 44 33.644 14 29 53.28 .769 0469 
8 | 21 45 24.103 14 25 35.28 .778 3227 
9 | 21 46 14.787 14 21 15.43 .787 4222 
10 | 21 47 05.689 | —14 1653.77 | 5.796 3444 
11 | 21 47 56.802 14 12 30.32 .805 0880 
12 | 21 48 48.119 14 08 05.13 .813 6520 
13 | 21 49 39.632 14 03 38.21 .822 0352 
14a 21eSOMS S37; 13 59 09.60 .830 2362 
15 | 2151 23.226 | —13 54 39.32 | 5.838 2540 
16 | 2152 15.295 13 50 07.38 .846 0872 
7 Ne2 1 SSIOMS38 13 45 33.81 .853 7346 
18 | 21 53 59.950 13 40 58.62 .861 1947 
19 | 21 54 52.528 13 36 21.84 .868 4663 
20 | 21 55 45.266 | —13 31 43.50 | 5.875 5481 
21 | 21 56 38.160 13 27 03.60 .882 4387 
QQ 21 STAB W205 13322)22.. 118 .889 1368 
23 | 21 58 24.396 13 17 39.27 .895 6410 
24 | 21 59 17.726 13 12 54.89 .901 9502 
25 | 2200 11.192 | —13 08 09.09 | 5.908 0629 
26 | 22 01 04.785 13 03 21.89 .913 9778 
27 | 22 01 58.499 12 58 33.33 .919 6939 
28 | 22 02 52.326 12 53 43.47 .925 2099 
29 | 22 03 46.258 12 48 52.32 .930 5247 
30 | 22 04 40.289 | —12 43 59.92 | 5.935 6374 
31 | 22 05 34.411 12 39 06.31 .940 5472 
Feb. 1 | 22 06 28.621 12 34 11.49 .945 2536 
2 | 22 07 22.912 12 29 15.51 .949 7560 
3 | 22 08 17.281 12 24 18.37 954 0542 
4 | 22 09 11.722 | —12 19 20.13 | 5.958 1478 
5 | 22 10 06.232 12 14 20.80 .962 0368 
6 | 22 11 00.802 12 09 20.42 .965 7209 
hi -22 Wwssi429 12 04 19.05 .969 2002 
8 | 22 12 50.106 11 59 16.70 .972 4744 
9 | 22 13 44.828 | —11 54 13.42 | 5.975 5434 
10 | 22 14 39.588 11 49 09.23 .978 4071 
11 | 22 15 34.382 11 44 04.18 .981 0653 
12 | 22 16 29.206 11 38 58.27 .983 5178 
134) 22 WH24,055 ] IB 3SuS5 985 7643 
14 | 22 18 18.926 | —11 28 44.03 | 5.987 8046 
15 | 22 19 13.816 | —11 23 35.74 | 5.989 6383 


Date 


Mar. 


~ Wh 


NWN ND LY 
an 


[os 


WWNNN 
—- COO Or7 


Apparent 
Rint |p 8PPaent | eccentric 

Ascension Distance 

hi tas CaF Be 
22 19 13.816 | —11 23 35.74 | 5.989 6383 
22 20°08.720 11 1826.70 | .991 2653 
22 21 03.635 11 13 16.94 | .992 6851 
22 21 58.558 1108 06.50 | .993 8975 
22 22 53.484 11 02 55.40 .994 9021 
22 23 48.411 | —10 57 43.68 | 5.995 6987 
22 24 43.332 10 52 31.39 .996 2870 
2225382245 10 47 18.60 | .996 6666 
22 26 33.136 10 42 05.47 .996 8374 
22 27 27.983 10 36 51.68 .996 7990 
22 28 22.816 | —10 31 37.25 | 5.996 5513 
22 29 17.620 10 26 22.51 .996 0943 
22 30 12.383 10 21 07.47 .995 4280 
22 31 07.099 10 15 52.14 .994 5525 
22,3230 163 10 10 36.52 .993 4684 
22 32 56.374 | —10 05 20.64 | 5.992 1760 
22 33 50.926 10 00 04.53 .990 6762 
22 34 45.415 9 54 48.23 .988 9696 
22 35 39.837 9 49 31.79 .987 0570 
22 36 34.185 9 44 15,24 .984 9393 
22 37 28.455 | — 938 58.62 | 5.982 6174 
22 38 22.642 9 33 41.97 .980 0920 
22 39 16.740 9 28 25.34 .977 3638 
22 40 10.745 9 23 08.75 .974 4337 
22 41 04.653 9 17 52.23 .971 3024 
22 41 58.461 | — 9 12 35.82 | 5.967 9706 
22 42 52.166 9 07 19.55 .964 4389 
22 43 45.763 9 02 03.44 .960 7080 
22 44 39.251 8 56 47.52 .956 7784 
22 45 32.626 8 51 31.82 .952 6509 
22 46 25.885 | — 8 46 16.37 | 5.948 3260 
22 47 19.025 8 41 01.21 .943 8042 
22 48 12.041 8 35 46.37 .939 0862 
22 49 04.930 8 30 31.89 .934 1725 
22 49 57.687 825 17.80 | .929 0638 
22 50 50.307 | — 8 2004.16 | 5.923 7605 
22 51 42.784 8 1451.00 .918 2634 
2252°35. Ms. 8 09 38.37 .912 5730 
225327, 287, 8 04 26.32 .906 6901 
22 54 19.301 759 14.88 .900 6154 
22 55 11.150 | — 754 04.10 | 5.894 3500 
22 56 02.828 7 48 54.00 .887 8948 
22 56 54.334 7 43 44.62 .881 2511 
22 57 45.662 7 38 35.99 .874 4202 
22 58 36.809 7 33 28.14 .867 4038 
2259 27 FI | =) 72821138" 51860120383 
23 00 18.541 | — 723 14.99 | 5.852 8206 


JUPITER, 1998 E27 
GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 
A 
pparent True Apparent 
Date Right ae Geocentite Right SUS lie en 
Ascension eclination Distance Ascension Declination Distance 
We Siok wey Mae sd him os QO Ww 
Apr. 19) 225927.771 | — 7282113" | 5.860 2033 May 17 | 23 33 51.027 | — 359 16.70 | 5.357 8153 
2 | 23 00 18.541 7 23 14.99 .852 8206 18 | 23 34 27.946 2) de) sisiaill .343 8754 
3 | 23 01 09.113 7 18 09.78 .845 2572 19 | 23 35 04.442 3 51 52.69 .329 8411 
4 | 23 01 59.483 7 13 05.54 .837 5149 20 | 23 35 40.508 3 48 14.87 315 7147 
5 | 23 02 49.646 7 08 02.31 .829 5951 21 | 23 36 16.139 3 44 39.91 .301 4986 
6 | 23 03 39.596 | — 70300.13 | 5.821 4996 22 | 23 36 51.329 | — 3 41 07.84 | 5.287 1952 
7 | 23 04 29.330 6 57 59.03 .813 2298 Pone23, 37261073 3 37 38.70 .272 8074 
8 | 23 05 18.845 6 52 59.04 .804 7873 24 | 23 38 00.365 2) aA SS) .258 3379 
9 | 23 06 08.135 6 48 00.21 .796 1735 25 | 23 38 34.200 3 30 49.37 .243 7898 
10 | 23 06 57.199 6 43 02.56 .787 3900 26 | 23 39 07.570 3 22926 .229 1661 
11 | 23 07 46.034 | — 638 06.11 | 5.778 4380 27 | 23 39 40.470 | — 3 24 12.26 | 5.214 4701 
12 | 23 08 34.635 6 33 10.91 .769 3191 28 | 23 40 12.891 3 20 58.42 .199 7049 
13 | 23 09 23.000 6 28 16.99 -760 0347 29 | 23 40 44.826 3 17 47.79 .184 8739 
141923 WOM 125 6 23 24.37 .750 5860 30 | 23 41 16.268 3 14 40.42 .169 9803 
15 | 23 10 59.006 6 18 33.10 .740 9745 31/23 41 47212 SES 6335 .155 0273 
16 | 23 11 46.639 | — 6 13 43.22 | 5.731 2015 | June 1 | 23 42 17.653 | — 308 35.61 | 5.140 0180 
17 | 23 12 34.020 6 08 54.76 .721 2683 2 | 23 42 47.584 3 05 38.25 .124 9555 
13°23 13 20442 6 04 07.78 ly W764: 3 | 23 43 17.003 3 02 44.29 .109 8429 
19 | 23 14 08.000 5 59 22.31 .700 9270 4 | 23 43 45.904 DPSO53 ahi .094 6833 
20 | 23 14 54.588 5 54 38.40 .690 5216 5 | 23 44 14.283 2 57 06.72 .079 4797 
21 | 23 15 40.900 | — 549 56.11 | 5.679 9616 6 | 23 44 42.135 | — 254 23.17 | 5.064 2351 
22 | 23 16 26.931 5 45 15.47 .669 2485 7 | 23 45 09.456 2, SAS4 3S .048 9525 
D323 LTAL2.673 5 40 36.54 .658 3839 8 | 23 45 36.241 2 49 06.71 .033 6348 
DAS E2341 7 OOul2s 5 35 59.33 .647 3695 9 | 23 46 02.485 2 46 33.87 .018 2850 
25 | 23 18 43.275 5 31 23.91 .636 2072 10 | 23 46 28.183 2 44 04.67 .002 9061 
26 | 23 19 28.125 | — 5 2650.29 | 5.624 8990 11 | 23 46 53.327 | — 241 39.16 | 4.987 5009 
27 | 23 20 12.669 5 2218-51 .613 4469 12 E2347 1G OM 2 39 17.38 .972 0725 
28 | 23 20 56.901 5 17 48.62 .601 8535 13 | 23 47 41.929 2 36 59.38 .956 6238 
29 | 23 21 40.816 5 13 20.67 590 1209 14 | 23 48 05.373 2 34 45.20 .941 1577 
30 | 23 22 24.408 5 08 54.71 578 2518 15 | 23 48 28.237 2 32 34.88 .925 6774 
May 1 | 23 23 07.669 | — 5 04 30.78 | 5.566 2485 16 | 23 48 50.512 | — 2 30 28.47 | 4.910 1859 
2 | 23 23 50.594 5 00 08.94 554 1134 17 | 23 49 12.194 2 28 26.01 .894 6866 
Ba23 243307 455 49.23 541 8489 18 | 23 49 33.276 2 26 27.54 .879 1827 
ARG23 25 Nor 14 451 31.68 529 4574 19 | 23 49 53.752 2 24 33.08 .863 6777 
Det23 25575299 4 47 16.33 516 9412 20: 192350: 137618 2 22 42.66 .848 1753 
6 | 23 26 38.829 | — 443 03.22 | 5.504 3024 21} 23 50:32.868 | — 2 2056.33 | 4.832 6793 
7 | 23 27 20.001 4 38 52.39 .491 5435 22 | 23 50 51.496 2 NOMA M2: .817 1935 
8 | 23 28 00.809 4 34 43.85 .478 6664 23 | 23 51 09.496 2 17 36.07 .801 7219 
9 | 23 28 41.250 4 30 37.65 .465 6735 24 | 23 51 26.859 ZUG 22 .786 2687 
10 | 23 29 21.320 4 26 33.83 .452 5669 25a 23 SAsio8i 2 14.32.62 .770 8379 
11 | 233001.016 | — 422 32.41 | 5.439 3487 26 | 235159.653 | — 2 13.07.30 | 4.755:4337 
12 | 23 30 40.331 4 18 33.43 .426 0211 DIL SZ oO 2 11 46.31 .740 0602 
13 | 23 31 19.263 4 14 36.94 .412 5862 28 | 23 52 29.831 2 10 29.66 24.7215 
14 | 23 31 57.804 4 10 42.97 399 0460 29 | 23 52 43.927 2 09 17.38 .709 4215 
15 | 23 32 35.950 4 06 51.58 .385 4027 30 | 23 52 57.358 2 08 09.50 .694 1643 
16 | 23 33 13.693 | — 403 02.81 | 5.371 6584 | July 1 | 2353 10.119 | — 207 06.02 | 4.678 9538 
17-\" 23 33°500027 5) — 3592161707 |) 5357 8153 2 | 23 53 22.208 | — 2 0606.97 | 4.663 7938 


JUPITER 1998 


GEOCENTRIC COORDINATES FOR 0" DYNAMICAL TIME 


re 
Apparent 
Date Right hae * Genvenets Date 
Ascension Distance 
Hires Oh ne as! 

July 1 | 2353 10.119 | — 207 06.02 | 4.678 9538 | Aug. 16 
2 | 23 53 22.208 2 06 06.97 .663 7938 17 
3723531332623 ZOOS 1237 .648 6882 18 
4 | 23 53 44.360 2 04 22.22 .633 6410 19 
5. 1/23 53:54/416 2 03 36.54 .618 6558 20 
6 | 23 54 03.789 | — 202 55.35 | 4.603 7365 DD 
7°23 S41 25475 2 02 18.66 588 8869 22 
8 | 23 54 20.472 2 01 46.50 574 1108 23 
9 | 23 54 27.774 2 01 18.89 559 4118 24 

10 | 23 54 34.378 2 00 55.84 .544 7937 25 
11 | 23 54 40.280 | — 2 00 37.38 | 4.530 2603 26 
12 | 23 54 45.474 2 00 23.54 o5y1 IS) £05) (5)3) Oe 
13 | 23 54 49.959 2 00 14.32 501 4626 28 
14 | 23 54 53.730 2 00 09.73 .487 2061 29 
15 | 23 54 56.785 2 00 09.80 .473 0499 30 
16 | 23 5459.123 | — 200 14.51 | 4.458 9981 31 
17 | 23 55 00.741 2 00 23.88 .445 0550 | Sept. 1 
18 | 23 55 01.640 2 00 37.90 .431 2251 2 
19 | 23 55 01.816 2 00 56.56 CALS Loy] 8 
20 | 23 55 01.270 201 19.89 .403 9227 4 
21 | 23 54 59.998 | — 201 47.87 | 4.390 4596 5 
22 | 23 54 58.000 2 02:20'52 .377 1281 6 
23) (23 54 551274 2 02 57.83 363 9328 7 
24 | 23 54 51.820 2 03 39.79 .350 8786 8 
25 | 23 54 47.640 2 04 26.39 .337 9699 9 
26 28 5494207355 | = 2 OS 17. 61N)|, 4.325 2112 10 
27 | 23 54 37.109 2 06 13.43 312 6071 11 
28 | 23 54 30.765 2 07 13.81 300 1619 12 
29 | 23 54 23.708 2 08 18.71 .287 8798 13 
30 | 23 54 15.942 2 09 28.10 PH SMe | 14 
31 | 23 5407.473 | — 2 1041.93 | 4.263 8220 15 

Aug. 1 | 23 53 58.304 2 12 00.18 .252 0545 16 
2 | 23 53 48.443 2 13 22.78 .240 4665 17 
Bile23 53137893) 2 14 49.71 .229 0622 18 
4 | 23 53 26.660 2 16 20.91 .217 8454 19 
5 | 2353 14.751 | — 2 1756.35 | 4.206 8198 20 
6 | 23 53 02.169 2 19 35.97 .195 9893 Phi 
7 | 23 52 48.919 Z 2S 183.3575 22 
8 | 23 52 35.009 2 23 07.61 .174 9281 28 
9 | 23 52 20.442 2 24 59.53 .164 7048 24 

10 | 23 52. 05.227 | — 2 2655.44 | 4.154 6912 25 
11 | 23 51 49.370 2 28 55.28 .144 8912 26 
12 | 23 51 32.880 2 30 58.98 .135 3085 27 
3a 23 Sb e707 2 33 06.46 .125 9469 28 
14 | 23 50 58.041 2 SONTGS -116 8105 29 
15 | 23 50 39.712 | — 237 32.47 | 4.107 9033 30 
16 | 23 50 20.789 | — 2 3950.85 | 4.099 2293 | Oct. 1 


stele True 


Apparent 
Right eae Geocentric 

Ascension Distance 

hep ees: Ce get 
23 50 20.789 | — 2 3950.85 | 4.099 2293 
23 50°01.282 DAA TY .090 7925 
23 49 41.202 2 44 37.97 .082 5968 
23 49 20.561 2 47 06.55 .074 6462 
23 48 59.370 2 49 38.36 .066 9443 
23 48 37.642 | — 252 13.30 | 4.059 4949 
23 48 15.393 pe et oa P27) .052 3015 
2347522638 2 STO2NS: .045 3673 
23 47 29.393 3 00 15.84 .038 6957 
23 47 05.676 3 03 02.20 .032 2896 
23 46 41.504 | — 305 51.12 | 4.026 1519 
23 46 16.895 3 08 42.46 .020 2853 
23 45 51.868 3 WSs6s1 .014 6924 
23 45 26.441 3 14 31.93 .009 3756 
23 45 00.633 3 17 29.80 .004 3371 
23 44 34.462 | — 3 2029.58 | 3.999 5791 
23 44 07.945 3 23 31.16 .995 1036 
23 43 41.103 3 26 34.39 -990 9123 
23 43 13.953 3 29 39.17 .987 0070 
23 42 46.512 3°324535 .983 3893 
23 42 18.800 | — 3 35 52.82 | 3.980 0605 
23 41 50.834 3 39 01.43 .977 0222 
23 41 22.635 3 42 11.06 .974 2756 
23 40 54.222 3 45 257 .971 8220 
23 40 25.617 3 48 32.80 .969 6628 
23 39 56.842 | — 351 44.62 | 3.967 7994 
23 39 27.916 3 54 56.87 .966 2331 
23 38 58.862 3 58 09.42 .964 9653 
23 38 29.699 401 22.14 .963 9970 
23 38 00.449 4 04 34.88 .963 3295 
23 37 31.133 | — 407 47.51 | 3.962 9636 
23/37 OTE 4 1059.88 .962 9001 
23 36 32.386 4 14 11.85 .963 1395 
23 36 03.002 4172807 .963 6823 
23 35 33.642 4 20 33.98 .964 5285 
23 35 04.330 | — 4 23 43.84 | 3.965 6780 
23 34 35.090 4 26 52.69 .967 1307 
23 34 05.946 4 30 00.37 .968 8859 
23 33 36.923 4 33 06.72 .970 9431 
23 33 08.044 4 36 11.62 .973 3013 
23 32 39.332 | — 439 14.89 | 3.975 9594 
23 32 10.811 4 42 16.41 .978 9163 
23) 342,502 4 45.16.04 .982 1704 
23 31 14.427 4 48 13.64 .985 7202 
23 30 46.607 451 09.09 .989 5640 
23 30 19.061 | — 454 02.26 | 3.993 6999 
23 29 51.810 | — 456 53.02 | 3.998 1258 


JUPITER, 1998 E29 
GEOCENTRIC COORDINATES FOR 0" DYNAMICAL TIME 
Apparent ae 
Date Right Se tows Goa Date eae ae. Gearcatie 
Ascension Declination Distance Ascension Declination Distance 
h m Ss ° Y. ie h m s fe} , a” 

Oct. 1 | 23 29 51.810 | — 4 5653.02 | 3.998 1258 | Nov. 16 | 23 18 43.308 - 558 56.60 | 4.464 5482 
2 | 23 29 24.873 4 59 41.28 | 4.002 8396 17 | 23 18 45.185 5 58 28.55 .478 9519 
3 | 23 28 58.267 5 02 26.91 .007 8391 18 | 23 18 47.827 5 57 55.58 .493 4669 
4 | 23 28 32.012 5 05 09.79 013 1219 19) |°23 18 51.236 5 5717.72 | .508 0883 
5 | 23 28 06.125 5 07 49.81 .018 6857 20 | 23 18 55.411 5 56 34.98 522 8114 
6 | 23 27 40.627 | — 5 10 26.86 | 4.024 5283 21 | 23 19 00.349 5 55 47.36 | 4.537 6311 
TAZ 3 2] NSO385 5 13 00.82 .030 6472 22 | 23 19 06.047 5 54 54.91 552 5425 
8 | 23 26 50.870 SAS-3.58 .037 0403 2323 19 12503 5 53 57.64 | .567 5407 
9 | 23 26 26.647 5 17 59.03 .043 7053 24 | 23 19 19.713 592 50.06 582 6208 

10 | 23 26 02.883 5 20 23.10 .050 6399 25 | 23 19 27.672 551 48.77 .597 7780 
11 | 23 25 39.594 | — 5 22 43.68 | 4.057 8417 26 | 23 19 36.376 5 50 37.23 | 4.613 0073 
12 | 23 25 16.796 5 25 00.69 .065 3081 27 | 23 19 45.819 549 21.00 | .628 3041 
13 | 23 24 54.503 5 27 14.05 .073 0366 28 | 23 19 55.997 5 48 00.11 .643 6636 
14 | 23 24 32.732 5 29 23.66 .081 0243 29 | 23 20 06.906 5 46 34.58 .659 0813 
15 | 23 24 11.497 5 31 29.44 .089 2680 30 | 23 20 18.541 5 45 04.44 | .674 5526 
16 | 23 23 50.816 | — 5 33 31.30 | 4.097 7648 | Dec. 1 | 23 20 30.899 5 43 29.72 | 4.690 0734 
17 | 23 23 30.703 § 35 29.15 .106 5112 2 | 23 20 43.974 5 41 50.45 .705 6393 
Se} $2323 V7 4 5,37 2294 .115 5037 3 | 23 20 57.763 5 40 06.66 | .721 2464 
19 | 23 22 52.245 5 39 12.49 .124 7388 4 | 23 21 12.259 5 38 18.39 | .736 8907 
20 | 23 22 33.929 5 40 57.82 .134 2125 50423 2127.455 536250" 752.5685 
21 | 23 22 16.240 | — 5 42 38.83 | 4.143 9210 6 | 23 21 43.345 5 34 28.62 | 4.768 2758 
225)'23 21 S9NOL 5 44 15.43 .153 8603 TN 232159921 5 32 27.20 | .784 0088 
23 | 23 21 42.795 5 45 47.59 .164 0263 811923 2217178 5 30 21.47 .799 7635 
24 | 23 21 27.062 5471523 .174 4146 99/823. 22355 5 28 11.48 815 5361 
Q5MG23 21 2002 5 48 38.31 .185 0210 10023 2253714 52557125 .831 3224 
26 | 23 20 57.624 | — 549 56.79 | 4.195 8411 11 | 23 23 12.985 5 23 38.81 | 4.847 1183 
27 | 23 20 43.937 5 51 10.62 .206 8703 1223 2B S200 107 5 2116213 .862 9197 
28 | 23 20 30.948 SS2U9 77 .218 1042 1351223.23 53507: 5 1849.40 | .878 7226 
29 | 23 20 18.663 5 53 24.22 229 5381 14 | 23 24 14.750 5 1618.50 | .894 5226 
30 | 23 20 07.088 5 5423.93 .241 1676 15 | 23 24 36.640 5 13 43.52 .910 3156 
31 | 23 19 56.229 | — 555 18.88 | 4.252 9880 16 | 23 24 59.172 5 11 04.49 | 4.926 0976 

Nov. 1 | 23 19 46.091 5 56 09.05 264 9947 17 | 23 25 22.339 508 21.44 | .941 8642 
2 | 23 19 36.680 5 5654.40 | .277 1834 18 | 23 25 46.136 5 05 34.43 .957 6113 
3 | 23 19 28.002 5 57 34.90 | .289 5495 19 | 23 26 10.554 5 02 43.50 | .973 3348 
4 | 23 19 20.061 5 58 10.54 302 0889 20 | 23 26 35.587 459 48.69 .989 0306 
5 | 23 19 12.862 | — 558 41.30 | 4.314 7973 QM 23 2401227. 4 56 50.06 | 5.004 6945 
6 | 23 19 06.410 5 59 07.17 327 6706 22 | 23 27 27.464 4 53 47.65 .020 3225 
7 | 23 19 00.705 5 59 28.15 340 7048 23° | 23 27 54/292 450 41.51 .035 9106 
8 | 23 18 55.749 5 59 44.23 353 8958 24 | 23 28 21.701 4 47 31.70 | .051 4550 
9 | 23 18 51.544 5 59 55.43 367 2394 25 | 23 28 49.683 4 44 18.26 .066 9517 

10 | 23 18 48.092 | — 600 01.74 | 4.380 7314 26 | 23 29 18.232 4 41 01.23 | 5.082 3972 
11 | 23 18 45.394 6 00 03.16 394 3673 27 | 23 29 47.340 437 40.66 | .097 7878 
12 | 23 18 43.454 5 59 59.67 408 1428 28 | 23 30 17.000 4 34 16.58 .113 1203 
137). 23 18427273 5 59 51.28 .422 0533 29 | 23 30 47.205 4 30 49.04 128 3911 
14 | 23 18 41.854 5 59 37.97 436 0941 30 | 23 31 17.950 427 18.08 .143 5974 
15 | 23 18 42.198 | — 559 19.75 | 4.450 2607 31 | 23°31:49.225 4 23 43.76 | 5.158 7360 
16 | 23 18 43.308 | — 5 58 56.60 | 4.464 5482 32 | 23 32 21.022 420 06.12 | 5.173 8041 


Bao 


Date 


Jan. 


Feb. 


GEOCENTRIC COORDINATES FOR 0" DYNAMICAL TIME 


Apparent 
Right 
Ascension 


hie es 

0 54 26.499 
0 54 32.179 
0 54 38.256 
0 54 44.727 
054 51.592 


0 54 58.849 
0 55 06.497 
055 14.534 
0 55 22.959 
055 31.770 


0 55 40.962 
0 55 50.532 
0 56 00.477 
0 56 10.792 
0 56 21.474 


0 56 32.520 
0 56 43.929 
0 56 55.697 
0 57 07.823 
0.57 20.305 


0 57 33.140 
0 57 46.328 
0 57 59.866 
0 58 13.750 


OS8272979 


0 58 42.549 
0 58 57.455 
059 12.694 
059 28.261 
059 44.150 


1 00 00.358 
1 00 16.880 
1 00 33.714 
1 00 50.857 


1 O1 08.305 


1 OL 26.056 
1 O1 44.105 
1 02 02.448 
1 02 21.078 
1 02 39.992 


1 02 59.183 
1 03 18.647 
1 03 38.381 
1 03 58.379 
1 04 18.638 


1 04 39.155 
1 04 59.928 


Apparent 
Declination 


ye vee MR 


=e3 O5995.:22 
3 06 48.39 
3 07 44.01 
3 08 42.05 
3 09 42.49 


+ 3 1045.33 
3 11 50.56 
S235 
3 14 08.09 
B15Y087 


+ 3 16 34.96 
3 175183 
3 19 10.95 
3 20 32.30 
3 21 55.84 


“32821055 
3 24 49.4] 
3 26 19.40 
3 27 51.48 
3 29 25.66 


+ 331501:91 
3 32 40.21 
3 34 20.54 
3 36 02.88 
3 37 47.21 


+ 3°39)33'51 
3 41 21.74 
3 43 11.87 
3 45 03.87 
3 46 57.69 


+ 3 48 53,32 
3 50 50.70 
3 52 49.82 
3 54 50.66 
3 56 53.20 


+ 358 57.40 
4 01 03.24 
4 03 10.70 
4 05 19.73 
4 07 30.30 


+ 409 42.37 
411 55.91 
4 14 10.88 
4 16 27.26 
4 18 45.01 


+ 421 04.10 
+ 423 24.52 


SATURN, 1998 


pornes 
Geocentric 
Distance 


9.240 3781 
.256 9494 
.273 5370 
.290 1355 
306 7398 


9.323 3446 
.339 9450 
356 5360 
373 1130 
389 6714 


9.406 2066 
422 7143 
.439 1901 
455 6296 
.472 0286 


9.488 3829 
.504 6880 
.520 9398 
537 1338 
553 2658 


9.569 3313 
585 3261 
.601 2457 
.617 0858 
.632 8420 


9.648 5098 
.664 0848 
.679 5626 
.694 9386 
.710 2086 


9.725 3681 
.740 4129 
755 3388 
.770 1420 
784 8187 


9.799 3653 
813 7783 
828 0544 
842 1905 
856 1835 


9.870 0302 
.883 7277 
897 2729 
.910 6630 
923 8951 


9.936 9660 
9.949 8730 


Apparent 
Right 
Ascension 


heres: 

1 04 59.928 
1 05 20.953 
1 05 42.227 
1 06 03.747 
1 06 25.510 


1 06 47.511 
1 07 09.748 
107 S225 
1 07 54.907 
1 08 17.820 


1 08 40.948 
1 09 04.285 
1 09 27.828 
109 51.571 
LiOWS513 


1 10 39.649 
1 11 03.977 
1 11 28.491 
1 11 53.188 
1 12 18.060 


12 43.103 
13 08.311 
13 33.679 
13 59.202 
14 24.877 


14 50.699 
15 16.665 
15 42.772 
16 09.016 
16 35.396 


17 01.906 
17 28.545 
17 55.308 
LSK22 891 
18 49.190 


ee a 


19 16.301 
19 43.518 
20 10.836 
1 20 38.250 
1 21 05.755 


1 21 33.347 
1 22 01.023 
1 22 28.779 
1 22 56.613 
1 23 24.520 


1 23 52.497 
1 24 20.537 


Apparent 
Declination 


On) fe Th 


+ 423 24.52 
4 25 46.24 
4 28 09.24 
4 30 33.49 
4 32 58.97 


+ 435 25.65 
4 37 53.51 
4 40 22.51 
4 42 52.62 
4 45 23.81 


+ 447 56.03 
4 50 29.26 
453 03.44 
4 55 38.56 
458 14.59 


+ 500 51.50 
5 03 29.27 
5 06 07.88 
5 08 47.29 
5 11 27.48 


+ 5 1408.39 
5 16 50.00 
Si19332:28 
5 22 15.18 
5 24 58.67 


+ 5 27 42.73 
5 30 27.34 
5 33 12.46 
5 35 58.07 
5 38 44.15 


+ 541 30.69 
5 44 17.65 
5 47 05.02 
5 49 52.76 
5 52 40.85 


ae o26 
SE OTUT. OF. 
6 01 06.92 
6 03 56.10 
6 06 45.46 


+ 609 34.97 
6 12 24.61 
6 15 14.36 
6 18 04.20 
6 20 54.11 


+ 623 44.05 
+ 6 26 34.01 


True | 
Geocentric 
Distance 


9.949 8730 
.962 6131 
975 1833 
.987 5808 
.999 8025 


10.011 8457 
.023 7073 
035 3844 
.046 8741 
058 1736 


10.069 2797 
.080 1898 
.090 9009 
-101 4105 
.111 7160 


10.121 8151 
.131 7056 
141 3857 
150 8536 
.160 1075 


10.169 1459 
.177 9673 
.186 5703 
194 9534 
.203 115] 


10.211 0542 
.218 7693 
.226 2589 
223385219 
.240 5566 


10.247 3620 
.253 9365 
.260 2788 
.266 3877 
.272 2616 


10.277 8994 
.283 2996 
.288 4609 
.293 3820 
.298 0617 


10.302 4986 
306 6918 
310 6403 
314 3434 
.317 8005 


10.321 O115 
10.323 9759 


SATURN, 1998 ESt 


GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 


Apparent 
Date Right aa Gascenis Date ae i eee Gbooentic 
Ascension Declination Distance Ascension | Declination Distance 
hm s Oma se F hom ‘s 
Apr. 1 | 1 23 52.497 | + 6 23 44.05 | 10.321 0115 May 17 | 1 45 20.626 8 27 17.43 | 10.205 5844 
2 | 1 24 20.537 6 26 34.01 .323 9759 18°) 1 4547553 8 29 41.13 .197 6045 
3 | 124 48.634 6 29 23.95 326 6939 19 | 1 46 13.553 8 32 03.74 .189 4105 
4°) 125 16.783 6 32 13.83 .329 1653 20 | 1 46 39.820 8 34 25.23 .181 0037 
5 | 1 25 44.980 6 35 03.62 2313902 21 | 147 05.952 8 36 45.59 .172 3855 
6 | 126 13.218 | + 637 53.29 | 10.333 3686 22 | 147 31.946 | + 8 39 04.79 | 10.163 5574 
7 | 126 41.495 6 40 42.80 .335 1007 235 47 S797 8 41 22.82 BIGEISYAY? 
8 | 1 27 09.807 6 43 32.14 .336 5864 24 | 1 48 23.504 8 43 39.67 .145 2785 
9 | 127 38.150 6 46 21.27 .337 8260 25 | 1 48 49.063 8 45 55.32 pisorse4: 
10 | 1 28 06.521 6 49 10.18 .338 8195 26 | 1 49 14.469 8 48 09.77 .126 1819 
11 | 128 34.917 | + 651 58.83 | 10.339 5670 27 | 149 39.716 | + 850 22.99 | 10.116 3324 
12 | 129 03.334 6 54 47.20 .340 0686 28 | 150 04.798 8 52 34.94 .106 2853 
13 | 1 29 31.768 6 57 35.29 .340 3245 2Ou 1 S029 711 8 54 45.61 .096 0431 
14 | 130 00.216 7 00 23.10 340 3347 30 | 1 50 54.447 8 56 54.97 .085 6083 
15 | 1 30 28.676 7 03 10.65 340 0993 31 | 151 19.004 8 59 02.98 .074 9835 
16 | 130 57.147 | + 705 57.87 | 10.339 6185 | June 1 | 151 43.377 | + 901 09.63 | 10.064 1713 
17 |} 131 25.623 7 08 44.73 .338 8922 Da 521073563 9 03 14.90 .053 1743 
18 | 1 31 54.100 PVE .337 9205 Be 1 52 S159 9 05 18.78 .041 9950 
LORI 3222573 TAGRG23 336 7036 4’) 1 52°55.361 9 07 21.25 .030 6360 
20 | 132 51.036 7 17 02.83 930 2415 5 | 153 18.968 9 09 22.30 .019 0998 
21 | 133 19.484 | + 7 1947.94 | 10.333 5342 6 | 153 42.377 | + 911 21.92 | 10.007 3889 
22 | 133 47.913 222 DS .331 5820 7 | 154 05.583 9 13 20.10 9.995 5059 
23 | 134 16.318 7 25 16.63 .329 3849 8 | 1 54 28.585 9 15 16.82 .983 4533 
24 | 134 44.696 7 28 00.15 326 9432 9 | 154 51.379 9 17 12.08 .971 2335 
25 | 135 13.044 7 30 43.09 3240578 10 | 155 13.961 9 19 05.87 .958 8490 
DOW FSS ANS SRS 7 33-25.4491 01032103276 11 | 155 36.326 | + 9 2058.16 9.946 3022 
27 | 1 36 09.637 7 36 07.18 .318 1549 1QE) 1 SS S8i471 9 22 48.94 .933 5957 
PAvuhal Sop Ms) 7 38 48.30 314 7401 13 | 1 56 20.391 9 24 38.19 .920 7317 
29 | 1 37 06.068 741 28.77 311 0842 14 | 1 56 42.080 9 26 25.89 .907 7127 
30 | 1 37 34.209 7 44 08.56 .307 1884 15e|| 1 S7108%S34 9 28 12.01 .894 5411 
May 1 | 1 38 02.293 | + 7 4647.64 | 10.303 0540 16 | 157 24.749 | + 929 56.52 9.881 2193 
2 | 138 30.315 7 49 25.98 298 6824 All SMS? 9 31 39.42 .867 7499 
3 | 138 58.269 7 52 03.54 .294 0750 18 | 1 58 06.448 9 33 20.69 .854 1354 
4} 139 26.151 7 54 40.31 289 2331 19 | 1 58 26.926 9 35 00.31 .840 3785 
Spiel 391583998 7 57 16.26 284 1582 20 | 1 58 47.152 9 36 38.28 .826 4822 


212) 1 59071231 429138 14.590) 97812 4492 
225)" 1 391265835 9 39 49.23 798 2828 
23 | 159 46.283 9 41 22.18 .783 9863 
24 | 200 05.461 9 42 53.42 .769 5631 
25 | 2 00 24.364 9 44 22.94 .755 0166 


6 | 140 21.687 | + 759 51.37 | 10.278 8517 
7 | 140 49.333 8 02 25.63 .273 3148 
8 | 141 16.896 8 04 59.00 .267 5491 
9 | 141 44.371 8 07 31.49 .261 5560 
0 | 1 42 11.756 8 10 03.07 .255 3367 


26 | 2 00 42.987 | + 945 50.69 | 9.740 3506 
DIME 2D OWONS28 9 47 16.67 125 5687 
28 | 201 19.371 9 48 40.86 .710 6745 
2B 2 OesT26 9 50 03.23 .695 6717 
30 | 201 54.586 951 23.78 .680 5640 


11 | 142 39.047 | + 8 12 33.73 | 10.248 8927 
12 | 143 06.242 8 15 03.46 .242 2253 
13 | 1 43 33.336 Sips 223 Daa1 0009 
14 | 1 44 00.327 8 20 00.04 .228 2258 
15 | 1 44 27.208 8 22 26.86 .220 8963 


16 | 144 53.976 | + 8 2452.66 | 10.213 3488 
17 | 145 20.626 | + 8 2717.43 | 10.205 5844 


July 1 | 202 11.749 | + 952 42.49 | 9.665 3549 
2 | 202 28.611 | + 95359.36 | 9.650 0481 


E32 SATURN, 1998 


GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 


A 
Apparent arent 
Date Right Rae Gdocentiit Date Right ibs soe Gonceneil 
Ascension Distance Ascension Distance 
hms On dh oY h nis OR 
July 1 | 202 11.749 | + 952 42.49 | 9.665 3549 | Aug. 16 | 209 08.401 | +10 17 30.08 | 8.921 2843 
2 | 202 28.611 9 53 59.36 .650 0481 17 | 209 08.476 10 17 13.88 .905 7007 
3 | 202 45.170 955 14.39 .634 6472 18 | 209 08.147 10 16 55.62 .890 2127 
4 | 203 01.425 9 56 27.56 .619 1558 19 | 209 07.412 10 16 35.29 .874 8250 
S| 2 038372 9 57 38.87 .603 5774 20 | 2 09 06.271 10 16 12.89 .859 5427 
6 | 203 33.008 | + 958 48.32 | 9.587 9155 21 | 209 04.724 | +10 15 48.42 | 8.844 3708 
7 | 203 48.331 9 59 55.89 2738 22 | 209 02.771 10 15 21.89 .829 3142 
8 | 2 04 03.337 10 01 01.58 556 3556 23 | 209 00.413 10 14 53.30 .814 3778 
9 | 204 18.021 10 02 05.38 540 4645 24 | 208 57.653 10 14 22.67 .799 5666 
10 | 2 04 32.381 10 03 07.27 524 5039 25 | 208 54.493 10 13 50.02 .784 8854 
11 | 204 46.411 | +1004 07.24 | 9.508 4771 26 | 208 50.935 | +10 13 15.35 | 8.770 3389 
12 | 205 00.108 10 05 05.26 .492 3877 27 | 2 08 46.982 10 12 38.69 -755 9317 
13 | 205 13.468 10 06 01.32 -476 2389 28 | 2 08 42.637 10 12 00.07 -741 6685 
14 | 2 05 26.487 10 06 55.41 .460 0343 29 | 2 08 37.902 10 11 19.49 -727 5539 
15 | 2.05 39.164 10 07 47.51 .443 7775 30 | 2 08 32.780 10 10 36.99 T7305 925 
16 | 205 51.496 | +10 08 37.63 | 9.427 4720 31 | 208 27.274 | +10 09 52.59 | 8.699 7880 
17 | 206 03.481 10 09 25.74 411 1217 | Sept. 1 | 208 21.385 10 09 06.30 .686 1455 
18 | 206 15.117 10 10 11.87 .394 7304 2 | 208 15.116 10 08 18.14 .672 6689 
19 | 2 06 26.401 10 10 55.99 .378 3023 3 | 208 08.468 10 07 28.12 .659 3624 
20 | 2 06 37.328 10 11 38.11 .361 8414 4 | 208 01.445 10 06 36.27 .646 2300 
21 | 206 477896 | +10 12 18.21 | 9.345 3522 5 | 207 54.047 | +10 05 42.60 | 8.633 2757 
22 | 206 58.098 10 12 56.27 328 8389 6 | 207 46.278 10 04 47.11 .620 5034 
23 | 207 07.931 10 13 32.29 312 3063 7 | 207 38.141 10 03 49.83 .607 9171 
24 | 207 17.391 10 14 06.24 .295 7587 8 | 207 29.642 10 02 50.77 595 5205 
25 | 207 26.475 10 14 38.11 .279 2008 9 | 207 20.784 10 01 49.98 583 3178 
26 | 207 35.181 | +10 15 07.90 | 9.262 6371 10 | 207 11.573 | +10 00 47.48 | 8.571 3128 
27 | 207 43.507 10 15 35.58 .246 0723 11 | 207 02.013 959 43.31 559 5098 
28 | 207 51.452 10 1601.18 .229 5109 12 | 2 06 52.107 9 58 37.49 547 9130 
29 | 207 59.014 10 16 24.67 .212:9573 13 | 2 06 41.860 9 57 30.05 .536 5267 
30 | 2 08 06.194 10 16 46.07 .196 4160 14 | 2 06 31.273 9 56 21.02 2358551 
31 | 208 12.990 | +10 17 05.37 | 9.179 8916 15 | 2 06 20.350 | + 955 10.42 | 8.514 4027 
Aug. 1 | 208 19.401 10 17 22.59 .163 3883 16 | 2 06 09.095 9 53 58.26 503 6737 
2 | 208 25.426 10 17 37.72 .146 9106 17.205 57-518 9 52 44.57 493 1723 
3 | 2 08 31.064 10 17 50.77 .130 4628 18 | 205 45.609 9 51 29.39 482 9027 
4 | 208 36.314 10 18 01.74 .114 0493 19 | 205 33.389 9 50 12.73 .472 8689 
5 | 208 41.173 | +10 18 10.63 | 9.097 6743 20 | 205 20.859 | + 9 48 54.65 | 8.463 0750 
6 | 208 45.639 10 18 17.43 O81 3419 21 | 205 08.028 9 47 35.17 453 5248 
7 | 208 49.711 10 18 22.14 .065 0564 22 | 2 04 54.903 9 46 14.34 .444 2221 
8 | 2 08 53.386 10 18 24.76 .048 8219 23 | 204 41.491 9 44 52.21 .435 1703 
9 | 2 08 56.662 10 18 25.28 .032 6425 24 | 2 04 27.801 9 43 28.82 .426 3731 
10 | 208 59.538 | +10 18 23.68 | 9.016 5223 25 | 204 13.839 | + 94204.21 | 8.417 8336 
11 | 209 02.014 10 18 19.98 | 9.000 4655 26 | 203 59.614 9 40 38.44 .409 5553 
12 | 209 04.091 10 18 14.17 | 8.984 4763 212 03 45.134 9 39 11.55 .401 5410 
13 | 209 05.768 10 18 06.26 .968 5590 28 | 2 03 30.405 9 37 43.58 393 7938 
14 | 209 07.046 10 17 56.27 952 7182 29 | 203 15.435 9 36 14.58 386 3164 
15 | 209 07.924 | +10 17 44.21 | 8.936 9584 30 | 203 00.231 | + 934 44.59 | 8.379 1114 
16 | 209 08.401 | +10 17 30.08 | 8.921 2843 | Oct. 1 | 202 44.800 | + 933 13.65 | 8.372 1815 


SATURN, 1998 E33 
GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 
Apparent Apparent 
Date Right teas ee Date Richt Ug Geasennit 
Ascension eclination Distance Ascension Declination Distance 
h m s See hom < ome 7, 

Oct. 1 | 202 44.800 | + 9 33 13.65 | 8.372 1815 }| Nov. 16 | 1 49 27.521 | + 8 2058.55 | 8.376 5804 
De 22 025 29.150 9 31 41.80 365 5289 17 | 149 11.947 8 19 41.24 383 7535 
3 | 202 13.288 9 30 09.08 .359 1559 18 | 148 56.602 8 18 25.48 .391 2075 
AD OW STE2Z22 9 28 35.53 353 0647 19 | 1 48 41.494 8 17 11.32 398 9398 
5 | 201 40.961 9 27 01.19 O42 20 | 1 48 26.633 8 15 58.82 .406 9472 
6 | 201 24.515 | + 925 26.12 | 8.341 7355 21 | 148 12.026 | + 8 1448.02 | 8.415 2267 
7 | 201 07.894 9 23 50.37 336 5017 22 | 147 57.682 8 13 38.96 .423 7750 
8 | 200 51.106 9 22 14.01 .331 5578 23 | 147 43.607 8 12 31.68 432 5887 
9 | 200 34.162 9 20 37.08 326 9059 24 | 147 29.809 8 11826:22 .441 6640 

10 | 200 17.068 9 18 59.64 .322 5482 25 | 147 16.293 8 10 22.61 .450 9975 
11 | 159 59.832 | + 9 1721.73 | 8.318 4869 26 | 147 03.068 | + 8 09 20.88 | 8.460 5852 
12 | 159 42.461 9 15 43.40 .314 7240 27 | 1 46 50.138 8 08 21.06 .470 4233 
13 | 159 24.963 9 14 04.68 LIES 28 | 1 46 37.511 8 07 23.19 .480 5077 
14 | 1 59 07.347 9 12 25.63 308 1014 29 | 1 46 25.193 8 06 27.29 .490 8345 
15 | 158 49.622 9 10 46.29 305 2455 30 | 1 46 13.193 8 05 33.40 501 3994 
16 | 158 31.799 | + 909 06.71 | 8.302 6952 | Dec. 1 | 14601.518 | + 804 41.56 | 8.512 1986 
1572) 1 382132887 9 07 26.96 .300 4522 24) 145 S0A74 8 03 51.81 .523 2279 
18 | 157 55.899 9 05 47.08 .298 5176 3 | 145 39.166 8 03 04.18 534 4834 
193 | SHSTRS4S 9 04 07.14 .296 8926 4} 1 45 28.500 8 02 18.70 545 9613 
20 | 157 19.736 9 02 27.21 295 5781 5 | 145 18.179 8 01 35.39 557 6576 
21 | 15701.585 | + 9.00 47.34 | 8.294 5749 6 | 145.08.205 | + 8 0054.26 | 8.569 5687 
22 | 1 56 43.401 8 59 07.60 .293 8835 7 | 144 58.582 8 00 15.32 581 6905 
23 | 1 56 25.195 8 57 28.05 .293 5044 8 | 144 49.314 7 59 38.60 594 0192 
24 | 15606.979|  85548.75| .293 4377 9 | 14440.406| 7590410 | .606 5508 
25 | 155 48.762 8 54 09.76 .293 6836 10 | 144 31.864 7 58 31.84 .619 2810 
26 | 155 30.555 | + 8 5231.14 | 8.294 2418 11 | 144 23.691 | + 758 01.86 | 8.632 2057 
BI al 532-366 8 50 52.94 295 1121 12 | 144 15.895 WS SEG .645 3203 
28 | 154 54.206 8 49 15.22 .296 2940 13 | 144 08.480 7 57 08.80 .658 6203 
29 | 1 54 36.084 8 47 38.02 .297 7868 14 | 144 01.451 1 aO45e7 .672 1012 
30 | 154 18.010 8 46 01.40 .299 5897 15 | 143 54.813 1G Yo .685 7583 
31 | 15359.993 | + 8 44 25.40 | 8.301 7019 16 | 143 48.570 | + 7 5606.83 | 8.699 5866 

Nov. 1 | 153 42.043 8 42 50.09 304 1222 17 | 143 42.726 7 55 50.95 Mile Ooi, 
Dy SBA, 8 41 15.50 306 8495 13) 143372283 7 55 37.49 ER, WES) 
3 | 153 06.390 8 39 41.70 309 8826 19 | 1 43 32.244 755 26.45 .142 0495 
4 | 152 48.708 8 38 08.76 313 2203 20 | 1 43 27.612 755 17.85 .756 5129 
5 | 152 31.136 | + 8 36 36.74 | 8.316 8615 21 | 143 23.388 | + 755 11.69 | 8.771 1220 
6 | 152 13.684 8 35 05.69 320 8051 Da) WAS MST TISOTYT .785 8716 
a\ MNS PS6SSS 8 33 35.65 325 0498 23 | 143 16.169 755 06.69 .800 7563 
8 | 151 39.167 8 32 06.69 329 5947 2Aa 4snsai7 7 55 07.84 .815 7707 
95) TS 2219 8 30 38.83 334 4384 25 | 143 10.598 755 11.43 .830 9095 

10 | 151 05.220 | + 8 2912.11 | 8.339 5796 26 | 143 08.434 | + 755 17.46 | 8.846 1671 
11 | 150 48.481 8 27 46.58 345 0169 27 | 1 43 06.687 TOS 2993 .861 5383 
12 | 150 31.911 8 26 22.29 .350 7485 28 | 143 05.359 755 36.85 .877 0177 
13) 505520 8 24 59.29 356 7728 29 | 143 04.452 TDS 021 .892 6003 
14 | 14959.317 8 23 37.63 363 0877 30 | 1 43 03.967 7 56 06.04 908 2808 
15 | 149 43.315 | + 8 22 17.37 | 8.369 6910 31 | 143 03.904 | + 756 24.31 | 8.924 0543 
16 | 149 27.521 | + 8 2058.55 | 8.376 5804 32 | 143 04.260 | + 756 45.03 | 8.939 9159 


URANUS, 1998 


GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 


Apparent Apparent ip True 
Date Right gs eer Genceanta Date Right ae net Geocentric 
Ascension Distance Ascension Distance 
ae 
h ms CL 4 hom=s Tal Bes 
Jan. 0 | 2038 29.955 | —19 05 11.22 | 20.709 020 | Feb. 15 | 2049 14.124 | —18 2405.80 | 20.794 977 
1 | 20 38 43.113 19 04 21.77 .717 049 16 | 20 49°27.924 18 23 12.0! .790 294 
2 | 20 38 56.350 19 03 31.99 .724 821 17 | 20 49 41.671 18 22 18.38 .785 343 
3 | 20 39 09.662 19 02 41.89 .732 334 18 | 20 49 55.361 18 21 24.93 .780 122 
4 | 20 39 23.048 19 01 51.46 .739 585 19 | 20 50 08.993 18 20 31.67 .774 635 
5 | 20 39 36.505 | —19 01 00.72 | 20.746 573 20 | 20 50 22.564 | —18 19 38.62 | 20.768 883 
6 | 20 39 50.031 19 00 09.66 .753 297 21 | 20 50 36.071 18 18 45.79 .762 866 
7 | 20 40 03.626 18 59 18.30 .759 754 22 | 20 50 49.511 18 17 53.21 .756 586 
8 | 20 40 17.286 18 58 26.64 .765 945 23 | 20 51 02.880 18 17 00.89 .750 045 
9 | 20 40 31.010 18 57 34.70 .771 868 24 | 2051 16.173 18 16 08.84 .743 244 
10 | 20 40 44.793 | —18 56 42.50 | 20.777 521 25 | 20 51 29.387 | —18 15 17.10 | 20.736 186 
11 | 20 40 58.632 18 55 50.07 .782 904 26 | 2051 42.516 18 14 25.66 .728 872 
12 | 2041 12.523 18 54 57.40 .788 O15 27 | 2051 55.558 18 13 34.53 .721 304 
13 | 2041 26.462 18 54 04.53 .792 853 28 | 20 52 08.511 18 12 43.71 .713 485 
14 | 2041 40.445 18 53 11.45 .797 417 | Mar. 1 | 2052 21.372 18 11 53.21 .705 418 
15 | 2041 54.469 | —18 52 18.18 | 20.801 707 2 | 2052 34.142 | —18 11 03.03 | 20.697 104 
16 | 20 42 08.530 18 524:72 .805 720 3 | 20 52 46.818 18 10 13.19 .688 547 
17 | 20 42 22.627 18 50 31.08 .809 456 4 | 20 52 59.400 18 09 23.69 .679 750 
18 | 20 42 36.758 18 49 37.25 .812 914 SMe 20S 3e1 S83, 18 08 34.56 .670 716 
19 | 20 42 50.920 18 48 43.25 .816 092 6 | 20 53 24.265 18 07 45.81 .661 447 
20 | 20 43 05.111 | —18 47 49.09 | 20.818 990 7 | 20 53 36.542 | —18 06 57.48 | 20.651 947 
21 | 20 43 19.329 18 46 54.77 .821 607 8 | 20 53 48.711 18 06 09.57 .642 219 
22 | 20 43 33.572 18 46 00.31 .823 942 9 | 20 54 00.769 18 05 22.09 .632 264 
23 | 20 43 47.837 18 45 05.72 825 993 10 | 20 54 12.711 18 04 35.05 .622 088 
24 | 20 44 02.122 18 44 11.02 .827 761 11 | 20 54 24.537 18 03 48.46 .611 691 
25 | 20 44 16.424 | —18 43 16.22 | 20.829 245 12 | 20 54 36.244 | —18 03 02.33 | 20.601 077 
26 | 20 44 30.738 18 42 21.34 .830 444 13 | 20 54 47.830 18 02 16.66 590 249 
27 | 20 44 45.064 18 41 26.43 .831 357 14 | 20 54 59.294 18 O1 31.45 579 211 
28 | 20 44 59.398 18 40 31.61 .831 985 15 | 20 55 10.635 18 00 46.72 567 963 
29 | 20 45 13.690 18 39 37.16 .832 327 16 | 20 55 21.850 18 00 02.47 556 511 
30 | 20 45 27.985 | —18 38 41.66 | 20.832 383 17 | 20 55 32.939 | —17 59 18.70 | 20.544 856 
31 | 20 45 42.296 18 37 46.48 832i 193 18 | 2055 43.900 17 58 35.44 533 001 
Feb. 1 | 2045 56.593 18 36 51.38 .831 638 19 | 20 55 54.730 LASS 2870) .520 950 
2 | 20 46 10.876 18 35 56.28 .830 839 20 | 20 56 05.429 17 57 10.48 508 706 
3 | 20 46 25.144 18 35 01.20 .829 756 21 | 20 56 15.992 17 56 28.81 .496 271 
4 | 20 46 39.395 | —18 34 06.13 | 20.828 390 22 | 20 56 26.418 | —1755 47.70 | 20.483 650 
5 | 20 46 53.628 18 33 11.09 .826 742 23 | 20 56 36.702 17 55 07.17 .470 844 
6 | 20 47 07.837 18 32 16.09 824 813 24 | 20 56 46.842 17 54 27.24 .457 859 
7 | 20 47 22.021 18:30 21417 .822 604 25 | 20 56 56.833 17 53 47.90 .444 696 
8 | 20 47 36.175 18 30 26.33 820 116 26 | 20 57 06.673 17 53 09.18 .431 361 
9 | 20 47 50.295 | —18 29 31.59 | 20.817 351 27 | 2057 16.360 | —17 52 31.08 | 20.417 856 
10 | 20 48 04.377 18 28 36.97 .814 308 28 | 2057 25.891 17 51 53.58 .404 185 
11 | 20 48 18.418 18 27 42.46 810 989 29 | 20 57 35.268 17 51 16.69 .390 353 
12 | 20 48 32.416 18 26 48.09 .807 396 30 | 20 57 44.489 17 50 40.42 .376 365 
13 | 20 48 46.367 18 25 53.85 .803 529 318 20573955 17 50 04.77 362 223 
14 | 20 49 00.271 | —18 2459.75 | 20.799 389 | Apr. 1 | 2058 02.462 | —17 49 29.77 | 20.347 934 
15 | 20 49 14.124 | —18 2405.80 | 20.794 977 2 | 2058 11.210 | —17 48 55.43 | 20.333 501 


Date 


Apr. 


URANUS, 1998 E35 
GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 
a 
Apparent A t 
: A t True pparen 18 
Right rene Geocentric | Date Right Appeared Geoce re 
Ascension BLEU Distance Ascension Declination Distance 
him Ss TO fad, TC hems & 7 wt 
20 58 02.462 | —17 49 29.77 | 20.347 934 May 17 | 21 01 35.858 | —17 36 19.71 | 19.605 565 
20 58 11.210 17 48 55.43 333 501 18 | 21 01 35.928 17 36 21.79 589 296 
20 58 19.794 17 48 21.78 318 929 19 | 21 01 35.798 17 36 24.71 .573 095 
20 58 28.212 17 47 48.82 .304 221 20 | 21 01 35.466 17 36 28.47 .556 967 
20 58 36.461 17 47 16.56 289 383 21 | 21 O01 34.935 17 36 33.07 .540 917 
20 58 44.540 | —17 46 45.01 | 20.274 418 22 | 21 01 34.204 | —17 36 38.48 | 19.524 949 
20 58 52.446 17 46 14.17 .259 331 239) 21033276 17 36 44.70 509 069 
20 59 00.178 17 45 44.05 .244 126 24 | 2101 32.154 17 36572 .493 281 
20 59 07.736 17 45 14.64 .228 807 25 | 21 01 30.838 17 36 59.54 .477 590 
20 59 15.118 17 44 45.95 213/377 26 | 2101 29.331 17 37 08.16 .462 002 
20 59 22.324 | —17 44 17.99 | 20.197 842 27 | 21 01 27.632 | —17 37 17.59 | 19.446 522 
20 59 29.354 17 43 50.74 .182 205 28 | 21 01 25.740 17 37 27.83 431 155 
20 59 36.207 17 43 24.23 .166 471 29 | 21 01 23.656 17 37 38.88 .415 904 
20 59 42.883 17 42 58.45 .150 643 30 | 21 01 21.379 17 395075 .400 776 
20 59 49.380 17 42 33.42 .134 725 31 | 2101 18.910 17 38 03.41 .385 774 
20 59 55.698 | —17 42 09.15 | 20.118 723 | June 1 | 21 01 16.251 | —17 38 16.86 | 19.370 903 
21 00 01.834 17 41 45.64 .102 639 2 | 2101 13.402 17 38 31.09 356 167 
21 00 07.786 17 41 22.91 .086 478 3} 21 01 10.366 17 38 46.08 341 571 
21 00 13.554 17 41 00.97 .070 245 4 | 21 01 07.146 17 39 01.82 327 118 
21 00 19.133 17 40 39.83 .053 943 5 | 21 01 03.743 17 39 18.29 312 812 
21 00 24.522 | —17 40 19.50 | 20.037 578 6 | 21 01 00.161 | —17 39 35.50 | 19.298 659 
21 00 29.719 1739 59.98 ODI 153 7 | 21 00 56.402 17 39 53.43 .284 660 
21 00 34.722 17 39 41.27 | 20.004 673 8 | 21 00 52.467 17 40 12.06 .270 822 
21 00 39.531 17 39 23.36 | 19.988 144 9 | 21 00 48.359 17 40 31.41 .257 146 
21 00 44.145 17 39 06.26 .971 569 10 | 21 00 44.080 17 40 51.46 .243 638 
21 00 48.566 | —17 38 49.95 | 19.954 955 11 | 21 00 39.630 | —17 41 12.22 | 19.230 300 
21 00 52.795 17 38 34.44 .938 305 12 | 21 00 35.010 17 41 33.67 DIG ST 
21 00 56.831 17 38 19.73 .921 626 13 | 21 00 30.220 17 41 55.82 .204 152 
21 01 00.673 17 38 05.85 .904 923 14 | 21 00 25.263 17 42 18.66 .191 349 
21 01 04.320 17 37 52.81 .888 200 15 | 21 00 20.137 17 42 42.18 NTS 32 
21 01 07.770 | —17 37 40.61 | 19.871 463 16 | 21 00 14.845 | —17 43 06.36 | 19.166 305 
21 01 11.020 17 3729.26 .854 717 17 | 21 00 09.388 17 43 31.19 .154 071 
21 01 14.070 19) SHELSee: .837 965 18 | 21 00 03.769 17 43 56.66 .142 034 
21 O1 16.919 17 37 09.12 25) OAS) 19 | 20 59 57.993 17 44 22.73 .130 199 
21 01 19.568 17 37 00.32 .804 469 20 | 20 59 52.062 17 44 49.40 .118 569 
2101 22.015 | —17 36 52.36 | 19.787 733 21 | 20 59 45.980 | —17 45 16.65 | 19.107 148 
21 01 24.262 17 36 45.23 pO al 22) 20)59395751 17 45 44.48 .095 94] 
21 01 26.311 17 36 38.94 .754 308 23 | 20 59 33.376 17 46 12.89 .084 951 
21 01 28.160 17 36 33.48 .737 628 24 | 20 59 26.856 17 46 41.86 .074 182 
21 01 29.812 17 36 28.84 .720 976 25 | 2059 20.194 17 47 11.41 .063 638 
21 01 31.266 | —17 36 25.03 | 19.704 356 26 | 2059 13.390 | —17 47 41.51 | 19.053 322 
21 01 32.524 W360. 22:05 .687 773 27 | 20 59 06.446 17 48 12.16 .043 238 
21 01 33.586 17 36 19.90 .671 232 28 | 20 58 59.366 17 48 43.33 .033 388 
21 01 34.450 17 36 18.58 .654 735 297) 2058221541 17 49 15.01 .023 775 
DOSS: IMS 17 36 18.11 .638 289 30 | 20 58 44.806 17 49 47.17 .014 404 
21 01 35.587 | —17 36 18.49 | 19.621 898 | July 1 | 2058 37.335 | —17 50 19.80 | 19.005 275 
21 01 35.858 | —17 36 19.71 | 19.605 565 2 | 20 58 29.742 | —17 5052.88 | 18.996 393 


E36 


Date 


July 


Aug. 


URANUS, 1998 


GEOCENTRIC COORDINATES FOR 0" DYNAMICAL TIME 


Apparent 
Right 
Ascension 


hy fam, 4s 

20 58 37.335 
20 58 29.742 
20 58 22.031 
20 58 14.205 
20 58 06.269 


20 57 58.225 
20 57 50.078 
20 57 41.831 
20 57 33.484 
20 57 25.042 


20 57 16.505 
20 57 07.875 
20 56 59.155 
20 56 50.349 
20 56 41.459 


20 56 32.492 
20 56 23.452 
20 56 14.344 
20 56 05.173 
20 55 55.941 


20 55 46.653 
20 55 37.310 
20 55 27.916 
20 55 18.472 
20 55 08.983 


20 54 59.452 
20 54 49.884 
20 54 40.285 
20 54 30.658 
20 54 21.009 


20 54 11.343 
20 54 01.664 
20 53 51.978 
20 53 42.287 
20 53 32.596 


20 53 22.909 
20 53 13.227 
20 53 03.554 
20 52 53.892 
20 52 44.244 


20 52 34.613 
20 52 25.004 
20 52 15.421 
20 52 05.870 
20 51 56.357 


20 51 46.886 
20 51 37.461 


Apparent 
Declination 


° (ae Matte 


—17 50 19.80 
17 50 52.88 
17512639 
17 52 00.31 
17 52 34.63 


—17 53 09.34 
17 53 44.43 
17 54 19.90 
17 54 55.72 
17 55 31.89 


—17 56 08.41 
17 56 45.26 
17 57 22.42 
17 57 59.86 
17 387-57 


i] SOS 52 
17 59 53.68 
18 00 32.05 
18 01 10.60 
18 01 49.34 


—18 02 28.25 
18 63 07.33 
18 03 46.56 
18 04 25.93 
18 05 05.42 


—18 05 45.00 
18 06 24.66 
18 07 04.36 
18 07 44.09 
18 08 23.83 


—18 09 03.56 
18 09 43.26 
18 10 22.92 
18 11 02.53 
18 11 42.07 


= 18 12:21:58 
18 13 00.91 
18 13 40.20 
18 14 19.38 
18 14 58.44 


—18 15 37.34 
18 16 16.08 
18 16 54.62 
18 17 32.94 
18 18 11.02 


—18 18 48.85 
—18 19 26.43 


ines y 
Geocentric 
Distance 


Apparent 
Right 
Ascension 


19.005 275 
18.996 393 
987 759 
.979 376 
.971 247 


18.963 373 
1055) 757 
.948 401 
.941 307 
.934 477 


18.927 913 
.921 618 
D592 
.909 839 
.904 360 


18.899 158 
894 234 
889 590 
885 230 
881 153 


18.877 363 
.873 861 
.870 649 
867 727 
.865 097 


18.862 759 
.860 715 
858 966 
857 510 
856 350 


18.855 485 
854 915 
854 640 
854 660 
854 976 


18.855 586 
856 491 
857 690 
859 183 
.860 969 


18.863 048 
.865 419 
868 083 
.871 040 
874 288 


18.877 827 
18.881 657 


hg mes 
20 51 37.461 
20 51:28.086 
20 51 18.763 
20 51 09.495 
20 51 00.285 


20 50 51.137 
20 50 42.054 
20 50 33.040 
20 50 24.101 
20 50 15.240 


20 50 06.463 
20 49 57.775 
20 49 49.179 
20 49 40.680 
20 49 32.282 


20 49 23.987 
20 49 15.801 
20 49 07.724 
20 48 59.758 
20 48 51.907 


20 48 44.172 
20 48 36.554 
20 48 29.058 
20 48 21.687 
20 48 14.445 


20 48 07.339 
20 48 00.371 
20 47 53.545 
20 47 46.863 
20 47 40.328 


20 47 33.941 
20 47 27.703 
20 47 21.617 
20 47 15.685 
20 47 09.910 


20 47 04.296 
20 46 58.845 
20 46 53.562 
20 46 48.450 
20 46 43.511 


20 46 38.749 
20 46 34.166 
20 46 29.764 
20 46 25.545 
20 46 21.509 


20 46 17.659 
20 46 13.993 


Apparent 
Declination 


Die ey 


—18 19 26.43 
18 20 03.75 
18 20 40.80 
18 21 17.57 
18 21 54.05 


—18 22 30.22 
18 23 06.06 
18 23 41.55 
18 24 16.68 
18 24 51.41 


—18 25 25.73 
18 25 59.63 
18 26 33.10 
18 27 06.11 
18 27 38.67 


—18 28 10.75 
18 28 42.37 
18 29 13.51 
18 29 44.16 
18 30 14.31 


—18 30 43.97 
L3BIISHO 
18 31 41.69 
18 32 09.73 
18 32.37.18 


—18 33 04.03 
18 33 30.29 
18 33 55.94 
18 34 20.98 
18 34 45.42 


—18 35 09.24 
18 35 32.45 
18 35 55.03 
18 36 16.97 
18 36 38.25 


—18 36 58.86 
18 37 18.78 
18 37 38.01 
18 37 56.52 
18 38 14.32 


—18 38 31.40 
18 38 47.75 
18 39 03.38 
18.39 18.27 
18 39 32.43 


—18 39 45.87 
— SB 9158:5i7) 


Me: 
Geocentric 
Distance 


18.881 657 
885 777 
.890 186 
894 884 
.899 868 


18.905 139 
.910 694 
916 531 
.922 649 
.929 046 


18.935 720 
.942 668 
.949 888 
957 378 
.965 135 


18.973 157 
.981 441 
.989 984 

18.998 783 

19.007 837 


19.017 141 
.026 693 
.036 490 
.046 531 
056 811 


19.067 329 
.078 081 
.089 066 
-100 280 
-111 720 


19.123 382 
“1857265 
.147 363 
159 674 
.172 194 


19.184 918 
197 843 
.210 965 
.224 279 
.237 781 


19.251 467 
.265 333 
279 373 
.293 584 
.307 960 


19.322 498 
19337198 


URANUS, 1998 E37 
GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 
Apparent A 
é Apparent Due ppatent True 
Date Right WeuReee Geocentric Date Right me Geocentric 
Ascension Distance Ascension eclination Distance 
= 
heime -s cS aa Ay heim -s 
Oct. 1 | 20 46 13.993 | —18 39 58.57 | 19.337 193 | Nov. 16 | 2047 02.192 | —18 35 29.47 | 20.101 864 
2 | 20 46 10.513 18 40 10.54 352 039 17 | 20 47 08.012 18 35 05.00 .118 560 
3 | 20 46 07.219 18 40 21.76 367 034 18 | 20 47 14.027 18 34 39.75 .135 180 
4 | 20 46 04.113 18 40 32.24 382 172 19 | 20 47 20.236 18 34 13.75 .151 718 
5 | 20 46 01.195 18 40 41.95 397 448 20 | 20 47 26.640 18 33 46.98 .168 170 
6 | 20 45 58.469 | —18 40 50.87 | 19.412 860 21 | 20 47 33.235 | —18 33 19.47 | 20.184 529 
7 | 20 45 55.938 18 40 59.00 .428 402 22 | 20 47 40.019 LOS 25123 .200 793 
8 | 20 45 53.605 18 41 06.34 .444 070 3 | 20 47 46.991 18 32 22.26 216 954 
9 | 20 45 51.471 18 41 12.88 .459 860 24 | 20 47 54.147 18 31 52.58 .233 009 
10 | 20 45 49.538 18 41 18.64 .475 767 25 | 20 48 01.485 18 31 22.20 248 953 
11 | 20 45 47.806 | —18 41 23.61 | 19.491 789 26 | 20 48 09.002 | —18 3051.11 | 20.264 781 
12 | 20 45 46.274 18 41 27.81 507 919 27 | 20 48 16.695 18 30 19.33 280 489 
13 | 20 45 44.942 18 41 31.24 524 154 28 | 20 48 24.562 18 29 46.85 .296 072 
14 | 20 45 43.811 18 41 33.88 .540 488 29 | 20 48 32.603 18 29 13.67 S527 
15 | 20 45 42.880 18 41 35.74 556 916 30 | 20 48 40.815 18 28 39.78 326 848 
16 | 2045 42.151 | —18 41 36.81 | 19.573 435 | Dec. 1 | 2048 49.200 | —18 28 05.20 | 20.342 032 
17 | 20 45 41.626 18 41 37.07 590 038 2 | 20 48 57.756 18 27 29.92 O17 O75 
18 | 20 45 41.305 18 41 36.52 .606 720 3 | 20 49 06.482 18 26 53.95 371 973 
19 | 20 45 41.192 18 41 35.15 .623 477 4 | 20 49 15.377 18 26 17.32 386 723 
20 | 20 45 41.286 18 41 32.96 .640 303 5 | 20 49 24.436 18 25 40.04 .401 320 
21 | 20 45 41.589 | —18 41 29.95 | 19.657 193 6 | 20 49 33.656 | —18 25 02.13 | 20.415 762 
22 | 20 45 42.103 18 41 26.11 .674 141 7 | 20 49 43.034 18 24 23.60 .430 044 
23 | 20 45 42.828 18 41 21.45 691 143 8 | 20 49 52.565 18 23 44.46 .444 162 
24 | 20 45 43.764 18 41 15.98 .708 192 9 | 20 50 02.249 18 23 04.70 .458 112 
25 | 2045 44.911 18 41 09.69 .725 284 10 | 20 50 12.082 18 22 24.33 .471 890 
26 | 20 45 46.269 | —18 41 02.59 | 19.742 413 11 | 2050 22.065 | —18 21 43.34 | 20.485 492 
27 | 20 45 47.836 18 40 54.69 Sys) 12 | 20 50 32.195 18 21 01.74 .498 914 
28 | 20 45 49.611 18 40 46.00 .776 761 13 | 2050 42.472 18 20 19.53 Oa 153 
29 | 20 45 51.593 18 40 36.51 .793 970 14 | 2050 52.894 18 19 36.72 525 204 
30 | 20 45 53.782 18 40 26.22 .811 195 15 | 2051 03.459 18 18 53.32 538 063 
31 | 20 45 56.174 | —18 40 15.14 | 19.828 431 16 | 2051 14.166 | —18 18 09.33 | 20.550 726 
Nov. 1 | 2045 58.771 18 40 03.26 .845 674 17 | 2051 25.012 18 17 24.77 563 190 
2 | 20 46 01.573 18 39 50.57 862 918 18 | 2051 35.994 18 16 39.65 575 450 
3 | 20 46 04.581 18 39 37.06 .880 159 19 | 2051 47.111 18 15 53.99 587 504 
4 | 20 46 07.796 18 39 22.72 897 392 20 | 20 51 58.357 18 15 07.79 599 348 
5 | 20 46 11.218 | —18 39 07.57 | 19.914 612 21 | 20 52 09.730 | —18 14 21.08 | 20.610 977 
6 | 20 46 14.849 18 38 51.62 .931 816 22 2052220225 18 13 33.87 .622 389 
7 | 20 46 18.685 18 38 34.87 .948 997 23 | 20 52 32.839 18 12 46.17 .633 581 
8 | 20 46 22.725 18 38 17.35 .966 153 24 | 20 52 44.569 18 11 57.98 .644 549 
9 | 20 46 26.966 18 37 59.06 .983 278 25 | 20 52 56.411 18 11 09.31 .655 291 
10 | 20 46 31.406 | —18 37 40.01 | 20.000 366 26 | 20 53 08.362 | —18 10 20.16 | 20.665 804 
11 | 20 46 36.045 18 37 20.19 .O17 414 QIAN 2053201422 18 09 30.54 .676 084 
12 | 20 46 40.881 18 36 59.60 .034 416 28 | 20 53 32.589 18 08 40.44 .686 131 
13 | 20 46 45.913 18 36 38.23 .051 367 29 | 20 53 44.86] 18 07 49.87 .695 940 
14 | 20 46 51.143 18 36 16.09 .068 262 30 | 20 53 57.238 18 06 58.85 .705 511 
15 | 20 46 56.569 | —18 35 53.17 | 20.085 096 31 | 2054 09.715 | —18 06 07.39 | 20.714 841 
16 | 20 47 02.192 | —18 35 29.47 | 20.101 864 32 | 20 54 22.290 | —18 05 15.52 | 20.723 927 


E38 


Date 


Jan. 


Feb. 


GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 


Apparent 
Right 
Ascension 


ham °s 
20 03 50.856 
20 03 59.950 
20 04 09.081 
20 04 18.248 
20 04 27.448 


20 04 36.681 
20 04 45.946 
20 04 55.242 
20 05 04.568 
20 05 13.922 


20 05 23.301 
20 05 32.703 
20 05 42.124 
20 05 51.560 
20 06 01.009 


20 06 10.468 
20 06 19.936 
20 06 29.411 
20 06 38.893 
20 06 48.386 


20 06 57:810 
20 07 07.296 
20 07 16.793 
20 07 26.280 
20 07 35.759 


20 07 45.230 
20 07 54.691 
20 08 04.138 
20 08 13.567 
20 08 22.975 


20 08 32.358 
20 08 41.715 
20 08 51.043 
20 09 00.344 
20 09 09.615 


20 09 18.857 
20 09 28.067 
20 09 37.242 
20 09 46.381 
20 09 55.480 


20 10 04.535 
20 10 13.544 
20 10 22.504 
20 10 31.414 
20 10 40.271 


20 10 49.075 
20 10 57.823 


Apparent 


Declination 


° , ” 


—20 01 13.24 
20 00 47.36 
20 00 21.34 
19 59 55.16 
19 59 28.82 


AL NS9'0233 
19 58 35.68 
19 58 08.88 
19 57 41.93 
19 57 14.86 


—19 56 47.67 
19 56 20.38 
19 55 53.01 
19 S5y25:55 
19 54 58.02 


—19 54 30.41 
19 54 02.72 
19 53 34.96 
19 53 07.09 
19 52 39.04 


=19 S2410:17 
19 51 43.28 
19 51 15.28 
19 50 47.18 
19 50 19.05 


—19 49 50.90 
19 49 22.75 
19 48 54.61 
19 48 26.49 
19 47 58.40 


—19 47 30.34 
19 47 02.31 
19 46 34.30 
19 46 06.31 
19 45 38.35 


—19 45 10.42 
19 44 42.55 
19 44 14.75 
19 43 47.02 
19 43 19.39 


—19 42 51.86 
19 42 24.44 
19 41 57.13 
19 41 29.94 
19 41 02.86 


—19 40 35.90 
—19 40 09.06 


NEPTUNE, 1998 


ire, 
Geocentric 
Distance 


31.069 954 
.075 592 
.080 950 
.086 026 
.090 821 


31.095 332 
02952 
.103 502 
107 158 
.110 529 


31.113 612 
.116 409 
118 917 
MOU A37 
.123 067 


31.124 709 
.126 060 
127 120 
.127 890 
128 368 


31.128 554 
.128 448 
128 050 
.127 360 
.126 377 


31.125 101 
123 534 
121 674 
J 19'523 
117 081 


3 


_ 


114 349 
111 328 
108 019 
104 424 
100 544 


8 


.096 381 
091 937 
087 212 
082 210 
.076 932 


31.071 379 
065 553 
059 456 
.053 090 
046 457 


31.039 558 
31.032 394 


Apr. 


NNW WY Ww VY 
Hn & WW 


WWNNnN Wd 
r- OO CO 


Noe 


Apparent 
Right 
Ascension 


Apparent 
Declination 


True 
Geocentric 
Distance 


hy Sires 
20 10 57.823 
20 11 96.516 
20 11 15.152 
20 11 23.729 
20 11 32.247 


20 11 40.703 
20 11 49.096 
20 11 57.423 
20 12 05.681 
20 12 13.867 


20 12 21.978 
20 12 30.009 
20 TASTES! 
20 12 45.827 
20 12 53.612 


20 13 01.314 
20 13 08.934 
20 13 16.469 
20 13 23.919 
20 13 31.280 


20 13 38.549 
20 13 45.726 
20 13 52.805 
20 13 59.787 
20 14 06.669 


20 14 13.450 
20 14 20.128 
20 14 26.704 
20 14 33.177 
20 14 39.547 


20 14 45.812 
20 14 51.972 
20 14 58.026 
20 15 03.973 
20 15 09.810 


20 15 15.536 
20 15 21.148 
20 15 26.645 
20 15 32.022 
20 15 37.278 


20 15 42.412 
20 15 47.424 
20 15 52.314 
20 15 57.084 
20 16 01.733 


20 16 06.262. 


20 16 10.667 


° , ” 


—19 40 09.06 
19 39 42.34 
1939575 
19 38 49.29 
19 38 22.98 


—19 37 56:83 
19 37 30.84 
19 37 05.03 
19 36 39.42 
19 36 14.01 


—19 35 48.82 
19 35 23.85 
19 34 59.09 
19 34 34.54 
19 34 10.20 


—19 33 46.07 
19 33 22.16 
19 32 58.47 
19 32 35.03 
19 S24 ESS 


—19 31 48.95 
19 31)26:32 
19 31 03.99 
19 30 41.94 
19 30 20.18 


= 19 29/58:71 
19 29 37.54 
19 29 16.65 
19 28 56.07 
19 28 35.77 


— 19-284 5.78 
19 27 56.11 
19 27 36.75 
19 2772 
19 26 59.02 


—19 26 40.68 
19 26 22.70 
19 26 05.09 
19 25 47.86 
19 25 30.99 


—19 25 14.49 
19 24 58.35 
19 24 42.57 
19 24 27.14 
19 24 12.08 


=19 23574) 
=19 28482 


31.032 394 
.024 969 
017 284 
.009 341 
001 141 


30.992 688 
.983 983 
975 029 
.965 828 
956 382 


30.946 695 
.936 768 
.926 606 
916 210 
905 586 


30.894 736 
.883 663 
.872 373 
.860 867 
849 15] 


30.837 227 
.825 100 
812 772 
800 248 
.787 531 


30.774 625 
.761 533 
.748 259 
.734 806 
.721 178 


30.707 379 
.693 412 
.679 282 
.664 99] 
650 544 


30.635 945 
.621 198 
.606 306 
HAZ 
.576 108 


30.560 810 
545 385 
529 839 
514177 
.498 403 


30.482 522 
30.466 540 


NEPTUNE, 1998 E39 
GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 
Apparent Apparent ] 

Date Right Rt | cate Date Ri ght Apparen Geacninic 
Ascension Distance Ascension Declination Distance 
koim ae h m ¥§ ec” 

Apr. 1 | 20 16 06.262 | —19 23 57.41 | 30.482 522 May 17 | 20 17 11.511 | —19 20 22.76 | 29.718 779 
2 | 20 16 10.667 19) 23743912) .466 540 18 | 20 17 09.797 19 20 28.36 .703 253 
3 | 20 16 14.947 19 23 29.24 .450 461 19 | 20 17 07.952 19 20 34.38 .687 847 
4 | 20 16 19.099 19 23 15.78 .434 290 20 | 20 17 05.978 19 20 40.83 .672 565 
S20: 16234103 19 23 02.73 .418 032 21 | 20 17 03.874 19 20 47.69 .657 411 
6 | 20 16 27.016 | —19 22 50.10 | 30.401 691 22 | 20 17 01.644 | —19 20 54.95 | 29.642 392 
7 | 20 16 30.779 19 22 37.89 801273 23 | 20 16 59.290 19 21 02.60 .627 510 
8 | 20 16 34.409 19 22 26.09 368 782 24 | 20 16 56.814 19 21 10.64 (612, 774 
9 | 20 16 37.908 19 22 14.71 oy) Py 25 | 20 16 54.219 19 21 19.05 .598 180 

10 | 20 16 41.276 19 22 03.73 .335 597 26 | 20 16 51.506 19 21 27.86 583 741 
11 | 20 16 44.512 | —19 21 53.16 | 30.318 914 27 | 20 16 48.675 | —19 21 37.07 | 29.569 459 
12 | 20 16 47.617 19 21 42.99 OZ N7S 28 | 20 16 45.727 19 21 46.67 555 338 
13 | 20 16 50.591 19 21 33.24 .285 385 29 | 20 16 42.660 19 21 56.69 541 384 
14 | 20 16 53.435 19 21 23.91 .268 550 30 | 20 16 39.475 19 22 07.10 .527 599 
15 | 20 16 56.148 19 21 14.99 251,673: 31 | 20 16 36.172 19 22 17.90 513 987 
16 | 20 16 58.730 | —19 21 06.49 | 30.234 759 | June 1 | 20 16 32.754 | —19 22 29.08 | 29.500 554 
17 | 20 17 01.180 19 20 58.44 .217 812 2 | 20 16 29.221 19 22 40.63 .487 302 
18 | 20 17 03.497 19 20 50.82 .200 838 3 | 20 16 25.576 19 22 52.53 .474 235 
19 | 20 17 05.680 19 20 43.65 .183 841 4 | 20 16 21.822 19 23 04.79 .461 357 
20 | 20 17 07.726 19 20 36.93 .166 825 5 | 20 16 17.961 19 23 17.38 .448 671 
21 | 20 17 09.635 | —19 20 30.67 | 30.149 796 6 | 20 16 13.994 | —19 23 30.31 | 29.436 181 
22 20; WMMEAOS 19 20 24.87 Wa2 758 7 | 20 16 09.926 19 23 43.56 .423 890 
23 | 20 17 13.036 19 20 19.51 ES 76 8 | 20 16 05.756 LO 2357014: .411 801 
24 | 2017 14.527 19 20 14.58 .098 675 9 | 20 16 01.489 19 24 11.04 399 917 
25 | 20 17 15,881 19 20 10.09 .081 641 10 | 20 15 57.124 19 24 25.27 388 242 
26 | 20 17 17.099 | —19 20 06.02 | 30.064 619 11 | 20 15 52.663 | —19 24 39.82 | 29.376 779 
27 | 20 17 18.182 19 20 02.37 .047 614 12 | 20 15 48.107 19 24 54.69 S655 
28 | 2017 19.131 19 19 59.16 .030 631 13 | 20 15 43.456 19 25 09.89 .354 502 
29 | 20 17 19.947 19 19 56.39 | 30.013 677 14 | 20 15 38.710 19 25 25.40 .343 693 
30 | 20 17 20.627 19 19 54.07 | 29.996 755 15 | 20 15 33.871 192d 423 .333 109 

May 1 | 2017 21.170 | —19 19 52.22 | 29.979 872 16 | 20 15 28.938 | —19 2557.35 | 29.322 752 
2 20172576 19 19 50.84 .963 032 Le QO ANSEZ3 2915) 19 26 13.76 .312 626 
3 | 20 17 21.844 19 19 49.9] .946 241 18 | 20 15 18.804 19 26 30.44 .302 734 
4 | 20 17 21.973 19 19 49.44 .929 502 19 | 20 15 13.609 19 26 47.37 .293 080 
5), 20: W7A212965 19 19 49.41 .912 820 20 | 20 15 08.332 19 27 04.55 .283 665 
6 | 20 17 21.820 | —19 19 49.83 | 29.896 201 21 | 20 15 02.977 | —19 27 21.97 | 29.274 495 
Ta 20) IAD 539 19 19 50.69 .879 649 22 | 20 14 57.547 19 27 39.62 .265 572 
Sat 20 47-2 1123 19 19 51.97 863 168 23 | 20 14 52.043 US) Lifeless) 256 899 
9 | 20 17 20.575 19 19 53.69 .846 763 24 | 20 14 46.467 19 28 15.67 .248 478 

10 | 20 17 19.895 19 19 55.82 .830 439 25 | 20 14 40.818 19 28 34.07 .240 314 
11 | 20 17 19.084 | —19 19 58.38 | 29.814 198 26 | 20 14 35.099 | —19 28 52.70 | 29.232 408 
12 | 20 17 18.144 19 20 01.37 .798 047 27 | 20 14 29.309 19 29 11.57 .224 762 
13h) 20 HALOS 19 20 04.78 .781 989 28 | 20.14 23.451 19 29 30.66 .217 379 
14) 20 17 15.877 19 20 08.62 .766 029 29 | 20 14 17.528 19 29 49.95 .210 262 
1S 20) Tid 14S Si 19 20 12.89 .750 171 30 | 20 14 11.541 19 30 09.43 .203 411 
16 | 2017 13.096 | —19 20 17.61 | 29.734 420 | July 1 | 20 1405.496 | —19 30 29.09 | 29.196 829 
17] QO IFAS Be = 1920 22-761)29. 7.18 779: 2 | 20 13 59.394 | —19 30 48.92 | 29.190 518 


E40 


Date 


July 


Aug. 


NEPTUNE, 1998 


GEOCENTRIC COORDINATES FOR 0" DYNAMICAL TIME 


—_ > 


Apparent Apparent 
Right ae Sane Gascennie Date Right eda Gepeonute 

Ascension Declination Distance Ascension Declination Distance 

heme (s Ch ar i mes CS 
20 14 05.496 | —19 30 29.09 | 29.196 829 | Aug. 16 | 2009 06.028 | —19 46 37.67 | 29.201 676 
20 13 59.394 19 30 48.92 .190 518 17 | 20 08 59.984 19 46 57.19 .208 480 
20 13 53.239 19 31 08.90 .184 479 18 | 20 08 53.999 19 47 16.53 .215 554 
20 13 47.035 19 31 29.03 7857 13 19 | 20 08 48.075 19 47 35.70 .222 897 
20 13 40.784 19 31 49.30 i SI25 20 | 20 08 42.212 19 47 54.69 .230 507 
20 13 34.488 | —19 32 09.71 | 29.168 009 21 | 20 08 36.413 | —19 48 13.50 | 29.238 380 
20 13 28.150 19 32 30.26 .163 072 22 | 20 08 30.680 19 48 32.10 .246 516 
20 13 21.773 19 32 50.94 .158 415 23 | 20 08 25.015 19 48 50.48 .254 911 
20MBaIS357 19 33 11.76 .154 038 24 | 20 08 19.421 19 49 08.63 .263 562 
20 13 08.904 19 33 32.70 149 942 25 | 20 08 13.901 19 49 26.55 .272 468 
20 13 02.415 | —19 33 53.77 | 29.146 129 26 | 20 08 08.459 | —19 49 44.21 | 29.281 625 
20 12 55.890 19 34 14.96 .142 599 27 | 20 08 03.098 19 50 01.62 .291 030 
20 12 49.332 19 34 36.25 139 353 28 | 20 07 57.820 19 50 18.77 .300 679 
20 12 42.742 19 34 57.63 .136 394 29 | 20 07 52.627 19 50 35.65 310571 
20 12 36.124 19 35 19.08 33722 30 | 20 07 47.524 19 50 52.27 .320 702 
20 12 29.482 | —19 35 40.59 | 29.131 337 31 | 2007 42.510 | —19 51 08.61 | 29.331 068 
20 12 22.820 19 36 02.14 .129 243 | Sept. 1 | 2007 37.588 19 51 24.69 341 666 
20 12 16.141 19 36 23.72 .127 438 2 | 20 07 32.758 19 51 40.50 .352 493 
20 12 09.449 19 36 45.34 .125 926 3 | 20 07 28.022 19 51 56.04 .363 546 
20 12 02.746 19 37 06.99 .124 705 4 | 2007 23.380 19 52 11.31 .374 821 
20 11 56.035 | —19 37 28.68 | 29.123 778 5 | 20 07 18.832 | —19 52 26.31 | 29.386 314 
20 11 49.315 19 37 50.40 1234s 6 | 2007 14.379 19 52 41.01 398 023 
20 11 42.589 19 38 12.15 .122 806 7 | 2007 10.024 19 52 55.41 .409 944 
20 11 35.858 19 38 33.93 1227762 8 | 20 07 05.768 19 53 09.49 .422 075 
20 11 29.124 19 38 55.71 123712 9 | 20 07 01.616 19 53 23.24 .434 411 
20 11 22.390 | —19 39 17.49 | 29.123 556 10 | 20 06 57.570 | —19 53 36.65 | 29.446 950 
20 11 15.658 19 39 39.26 .124 395 11 | 20 06 53.635 19 53 49.71 .459 688 
20 11 08.932 19 40 00.98 Ah25392.7 12 | 20 06 49.810 19 54 02.45 .472 622 
20 11 02.216 19 40 22.07 .126 953 13 | 20 06 46.098 19 54 14.85 .485 749 
20 10 55.513 19 40 44,29 .128 671 14 | 20 06 42.499 19 54 26.94 -499 065 
20 10 48.827 | —19 41 05.85 | 29.130 681 15 | 20 06 39.013 | —19 54 38.69 | 29.512 567 
20 10 42.161 19 41 27.34 .132 982 16 | 20 06 35.641 19 54 50.12 .526 250 
20 10 35.518 19 41 48.75 139074 17 | 20 06 32.383 1955 01.21 540 111 
20 10 28.900 19 42 10.09 .138 454 18 | 20 06 29.240 1955 11.96 .554 145 
20 10 22.310 19 42 31.34 .141 622 19 | 20 06 26.214 19°557922)36 568 347 
20 10 15.749 | —19 42 52.50 | 29.145 077 20 | 20 06 23.308 | —19 55 32.39 | 29.582 715 
20 10 09.220 19 43 13.59 .148 818 21 | 20 06 20.522 19 55 42.05 597 243 
20 10 02.722 19 43 34.58 .152 843 22 | 20 06 17.860 19 55 $1.32 .611 926 
20 09 56.258 19 43 55.48 SHLD 2 23 | 20 06 15.324 19 56 00.21 .626 760 
20 09 49.828 19 44 16.27 .161 742 24 | 20 06 12.915 19 56 08.72 .641 740 
20 09 43.434 | —19 44 36.95 | 29.166 614 25 | 20 06 10.635 | —19 56 16.83 | 29.656 862 
20 09 37.079 19 44 57.48 .171 765 26 | 20 06 08.486 19 56 24.56 672121 
20 09 30.768 19 45 17.86 .177 195 27 | 20 06 06.468 19 56 31.89 .687 511 
20 09 24.504 19 45 38.08 .182 902 28 | 20 06 04.583 19 56 38.84 .703 029 
20 09 18.290 19 45 58.12 .188 885 29 | 20 06 02.829 19 56 45.41 .718 668 
20 09 12.131 | —19 46 17.98 | 29.195 144 30 | 2006 01.208 | —19 5651.60 | 29.734 426 
20 09 06.028 | —19 46 37.67 | 29.201 676 | Oct. 1 | 2005 59.719 | —19 5657.42 | 29.750 296 


NEPTUNE, 1998 E41 
GEOCENTRIC COORDINATES FOR 0° DYNAMICAL TIME 
Apparent opie Apparent 
Date Right es eaten Date Right SPATE Gencehyic 
Ascension Distance Ascension Declination Distance 
he ms ss $ Sh0°S) higeiit wes ch TA Goamedt 
Oct. 1 | 2005 59.719 | —19 56 57.42 | 29.750 296 | Nov. 16 | 20 07 19.650 | —19 53 57.23 | 30.518 491 
2 | 2005 58.361 19 57 02.85 .766 273 17 | 20 07 24.547 19 53 43.62 534 147 
3 | 20 05 57.134 19 57 07.89 .782 354 18 | 20 07 29.570 19 53 29.61 549 681 
4 | 20 05 56.038 19 57 12.53 198 534 19 | 20 07 34.718 19'53:.15:20 .565 086 
2005551075 19 57 16.77 .814 807 20 | 20 07 39.990 19 53 00.40 .580 358 
6 | 20 05 54.246 | —19 57 20.58 | 29.831 170 21 | 2007 45.386 | —19 52 45.22 | 30.595 493 
7 | 2005 53.554 19 57 23.96 .847 618 22 | 20 07 50.902 19 52 29.67 .610 486 
8 | 20 05 53.002 19 57 26.92 .864 147 23 | 20 07 56.536 19 5213.75 .625 332 
9 | 20 05 52.590 19 57 29.45 .880 751 24 | 20 08 02.287 19 51 57.47 .640 027 
10 | 2005 52.319 ISIS SIT. .897 428 25 | 20 08 08.152 19 51 40.84 .654 565 
11 | 2005 52.188 | —19 57 33.28 | 29.914 172 26 | 2008 14.127 | —19 51 23.85 | 30.668 944 
12 | 2005 52.195 19 57 34.60 .930 978 27 | 20 08 20.213 19 51 06.52 .683 158 
13 | 20 05 52.340 L9'S713592 .947 842 28 | 20 08 26.405 19 50 48.82 .697 203 
14 | 2005 52.622 19 57 36.04 .964 758 29 | 20 08 32.705 19 50 30.77 .711 076 
15 | 2005 53.042 19 57 36.14 .981 722 30 | 20 08 39.111 19 50 12.34 .7124 774 
16 | 2005 53.599 | —19 57 35.84 | 29.998 728 | Dec. 1 | 2008 45.625 | —19 49 53.55 | 30.738 291 
17 | 20 05 54.295 LOIS SSelie 3001S 771 2 | 20 08 52.245 19 49 34.39 .751 625 
18 | 2005 55.130 19 57 33.96 .032 846 3 | 20 08 58.971 19 49 14.88 .764 773 
19 | 20 05 56.106 19 57 32.37 .049 948 4 | 20 09 05.802 19 48 55.03 777 730 
2ON|E20I05 57.223 19 57 30.34 .067 070 5 | 20 09 12.735 19 48 34.86 .790 494 
21 | 2005 58.482 | —19 57 27.88 | 30.084 208 6 | 2009 19.765 | —19 48 14.39 | 30.803 061 
22 | 2005 59.885 19 57 24.98 LOLSS7 7 | 20 09 26.890 19 47 53.61 815 428 
23 | 20 06 01.430 19 57 21.65 118510 8 | 20 09 34.107 19 47 32.53 .827 590 
24 | 20 06 03.119 19 57 17.90 .135 663 9 | 2009 41.413 19 47 11.15 .839 544 
25 | 20 06 04.950 L957 1355/2 S2eedi 10 | 20 09 48.809 19 46 49.45 .851 286 
26 | 20 06 06.923 | —19 5709.13 | 30.169 947 11 | 2009 56.293 | —19 46 27.45 | 30.862 814 
27 | 20 06 09.036 19 57 04.12 .187 067 12 | 20 10 03.864 19 46 05.14 .874 122 
28 | 2006 11.288 19 56 58.71 .204 165 1Bxy20 1091-2521 19 45 42.51 .885 209 
29 | 20 06 13.677 19 56 52.89 .221 236 14 | 20 10 19.264 19 45 19.58 .896 069 
30 | 20 06 16.202 19 56 46.66 ORY SUAS) 15 | 20 10 27.092 19 44 56.35 .906 699 
31 | 20 06 18.862 | —19 56 40.03 | 30.255 278 16 | 20 10 35.002 | —19 44 32.83 | 30.917 097 
Nov. 1 | 2006 21.657 19 56 32.97 212,239 17 | 20 10 42.995 19 44 09.03 927 259 
2 | 20 06 24.587 19 56 25.48 .289 153 18 | 20 10 51.066 19 43 44,94 .937 181 
3 | 20 06 27.652 19 56 17.56 306 016 19 | 20 10 59.215 19 43 20.60 .946 861 
4 | 20 06 30.855 19 5609.19 322 824 20. | 20 11 07.437 19 42 56.01 .956 295 
5 | 20 06 34.197 | —19 56 00.40 | 30.339 572 21 | 20 11 15.731 | —19 42 31.17 | 30.965 481 
6 | 20 06 37.675 19 55 51.18 .356 255 22 | 20 11 24.092 19 42 06.10 .974 415 
7 | 20 06 41.290 19 55 41.56 .372 869 23,1920 311,332.519. 19 41 40.80 .983 095 
8 | 20 06 45.039 19 55 31.54 .389 409 24 | 20 11 41.007 19 41 15.27 .991 520 
9 | 20 06 48.919 19 55 21.14 .405 870 25 | 20 11 49.555 19 40 49.51 .999 685 
10 | 20 06 52.928 | —19 55 10.35 | 30.422 248 26 | 20 11 58.161 | —19 40 23.51 | 31.007 590 
11 | 20 06 57.064 19 5459.17 438 538 27 | 20 12 06.824 19 39 57.29 O15 231 
12 | 2007 01.328 19 54 47.59 454 735 28 | 20 12 15.543 19 39 30.83 .022 608 
13 | 2007 05.718 19 54 35.61 470 834 29 | 20 12 24.319 19 39 04.14 .029 719 
14 | 20 07 10.236 19 54 23.22 486 829 30) |.20 12°33.150 19 38 37.23 .036 562 
15 | 2007 14.879 | —19 54 10.43 | 30.502 717 31 | 20 12 42.034 | —19 38 10.12 | 31.043 135 
16 | 20 07 19.650 | —19 53 57.23 | 30.518 491 32 | 20 12 50.968 | —19 37 42.82 | 31.049 438 


E42 


PLUTO, 1998 
GEOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 


Astrometric Astrometric True Astrometric Astrometric True 
Date Right Ascension | Declination Geocentric Date Right Ascension] Declination Geocentric 
J2000.0 J2000.0 Distance J2000.0 J2000.0 Distance 
h om s C2 ” h om s one “” 
Jan.-3| 16 27 21.060] — 9 41 45.07 | 30.860538 |} July 1 16 24 28.896 | — 9 09 06.52 | 29.236543 
2) 16289027139 9 42 43.19 816448 6| 16 24 03.501 9 09 44.56 .285512 
7} 16 28 41.482 9 43 27.94 .766441 11 16 23 40.164 2) UUs Wey 340034 
12} 16 29 18.858 9 43 59.36 .710919 16| 16 23 19.087 9 11 40.00 399731 
17} 16 29 54.059 9 44 17.56 .650288 21 16 23 00.471 9 12 57.10 464211 
22| 16 30 26.882 | — 9 44 22.70 | 30.584962 26| 16 22 44.514] — 9 14 26.80 | 29.533023 
27) VLONS0NS7e119 9 44 15.02 515399 31 16 22 31.386 9 16 08.71 .605641 
Rebi 16 31 24.574 9 43 54.86 442124 | Aug. 5} 16 22 21.212 9 18 02.29 681518 
6} 16 31 49.080 9 43 22.68 365731 10} 16 22 14.090 9 20 06.93 .760114 
1] 16 32 10.514 9 42 39.11 .286814 USI 16° 2210097 OP2221898 .840912 
16} 16 32 28.771 | — 9 41 44.77 | 30.205947 20] 16 22 09.314] — 9 24 46.80 | 29.923378 
2 16432 (432751 9 40 40.37 .123706 25h CLG 220801 9 27 20.63 | 30.006917 
26} 16 32 55.368 9 39 26.64 | 30.040704 SOS 162251 L579 9 30 02.61 .090910 
Mar. 3] 16 33 03.561 9 38 04.45 | 29.957600 | Sept. 4] 16 22 26.631 9 32 51.78 .174752 
8] 16 33 08.318 9 36 34.79 .875068 One 1G) 22038917, 9 35 47.1 .257880 
13} 16 33 09.664 | — 9 34 58.68 | 29.793731 14] 16 22 54.392 | — 9 38 47.90 | 30.339760 
18; 16 33 07.638 9 33 17.14 .714174 19jne 6: 23.413 O11 9 41 52.97 419829 
235) | 16733025289 9) S823 .636979 24] 16 23 34.693 9 45 01.34 497495 
28| 16 32 53.689 9 29 42.03 562739 29)... 16 23.59.325 9 48 11.93 .572189 
Apr. 2] 16 32 41.946 9 27. 50.73 .492064 | Oct. 4} 16 24 26.764 9 51 23.64 .643387 
TN MOrS2t27. 2210) t= )9) 2555850) 1729-4295 12 9} 16 24 56.859 | — 9 54 35.41 | 30.710630 
12} 16 3209.69. 9 24 06.68 363558 14] 16 25 29.464 9 S57 46.24 .773477 
17} 16 31 49.541 9 221627, 306637 19} 16 26 04.422 10 00 55.11 831463 
22| 16 31 26.966 9 20 28.43 .255170 24} 16 26 41.540 10 04 00.95 884141 
21 Wee LOn SIP OZ 185 9 18 44.31 .209570 29| 16 27 20.601 10 07 02.70 OS 120 
May 2| 16 30 35.457 | — 9 17 05.09 | 29.170220 | Nov. 3] 16 28 01.374 | —10 09 59.36 | 30.972081 
7| 16 30 07.068 9_45.3.1.90 .137400 8| 16 28 43.634 10 12 50.04 | 31.006772 
12 Pol KoyXS) Se 7REKU? 9 14 05.73 SLES ILS 134 lo 2927165 LOUIS SSEOT 034944 
17} 16 29 06.438 9 12 47.52 092132 18} 16 30 11.726 10 18 10.00 056351 
22"\ SOL2 SE Savio, 9 Wie38s .079998 23° 16 80°57:056 10 20 37.59 .070804 
27'| 16°28 02.5627) — 9 10°3850%| | 29.075039 28} 16 31 42.878 | —10 22 55.85 | 31.078194 
June 1 16 27 30.182 9 09 49.39 .077300 | Dec. 3} 16 32 28.920 10 25 04.12 .078492 
6} 16 26 57.937 9 09 11.49 .086725 8} 16 33 14.928 10 27 01.86 .071720 
1] 16 26 26.126 9 08 45.36 103202 13 16 34 00.651 10 28 48.56 057895 
16} 16 25 55.031 9 08 31.43 .126598 18} 16 34 45.818 10 30 23.74 .037072 
21 16 25 24.934 | — 9 08 30.10 | 29.156764 23} 16 35 30.147 | —10 31 46.96 | 31.009383 
26} 16 24 56.126 9 08 41.72 | 29.193508 28| 16 36 13.361 10 32 57.94 | 30.975043 
July 1 16 24 28.896 | — 9 09 06.52 .236543 | Dec.33 16 36 55.205 | —10 33 56.50 934341 
HELIOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 
Date Longitude Latitude oe Longitude Latitude es 
Jan. -13} 245 3652.1 | +1214 04.2 30.02632 246 57 00.7 | +1157 11.0 | 30.07507 
Jan. g27alen 2451920661 12 10 43.2 03583 247 12 58.9 11 53 46.8 08519 
Mar. 8| 246 08 59.0 V2i07 2105 04546 |Sept. 24] 247 28 56.0 He SO WES 09544 
Apr. 17] 246 25 00.7 12 03 59.0 .05521 |Nov. 3) 247 4451.9 11 46 55.0 10581 
May 27] 24641 01.3 12 00 35.7 06508 |Dec. 13] 248 00 46.6 11 43 27.9 11631 
July 6] 2465700.7 | +115711.6 | 30.07507 |Dec. 53] 248 1640.1 | +11 4000.2 30.12693 


MAJOR PLANETS E43 
NOTES AND FORMULAS 


Semidiameter and parallax 
The apparent angular semidiameter of a planet is given by: 
apparent S.D. = S.D. at unit distance / true distance 


where the true distance is given in the daily geocentric ephemeris and the adopted 
semidiameter at unit distance is given by: 


u" ” “" 


Mercury S50 Jupiter:equatorial 98.44 Uranus B02 

Venus 8.34 polar 92.06 Neptune 33.50 

Mars 4.68 Saturn: equatorial 82.73 Pluto 207 
polar 73.82 


The difference in transit times of the limb and center of a planet in seconds of time is 
given approximately by: 


difference in transit time = (apparent S.D. in seconds of arc) / 15 cos 6 


where the sidereal motion of the planet is ignored. 

The equatorial horizontal parallax of a planet is given by 8”.794 148 divided by its true 
geocentric distance; formulas for the corrections for diurnal parallax are given on page 
B6él. 


Time of transit of a planet 


The transit times that are tabulated on pages E44—E51 are expressed in dynamical time 
(TDT) and refer to the transits over the ephemeris meridian; for most purposes this may 
be regarded as giving the universal time (UT) of transit over the Greenwich meridian. 

The UT of transit over a local meridian is given by: 


time of ephemeris transit — (A/24) * first difference 


with an error that is usually less than 1 second, where A is the east longitude in hours and 
the first difference is about 24 hours. 


Times of rising and setting 


Approximate times of the rising and setting of a planet at a place with latitude @ may 
be obtained from the time of transit by applying the value of the hour angle h of the point 
on the horizon at the same declination as the planet; h is given by: 


cosh = —tan @ tan 6 


This ignores the sidereal motion of the planet during the interval between transit and rising 
or setting. Similarly, the time at which a planet reaches a zenith distance z may be obtained 
by determining the corresponding hour angle h from: 


cosh = —tan @ tan 6 + sec @ sec bcos Z 


and applying h to the time of transit. 


TIMES OF EPHEMERIS TRANSIT, 1998 


Date Mercury Venus Mars Jupiter Saturn Uranus Neptune Pluto 
hm s hm s hm s hy mes hm s hm s beanies h m 
Jane Ol NOR9S7 13 4 Oe TaD 25 aes O00 esses 13758'30 | 13° 23°54 9 48 
Li) 10:28:26 || 13:36 09S IA 25O0 RN 14 S5au5 5. 41" S09 13 5447 | 13 2007 9 44 
2} 102719 | 133057 | i411 14 | 145246 | 180602 | 135104 | 13 16 20 9 41 
Bi lO2635 13°25934" 1410 28) el4s49 390 18 022 aS 475 22— WAS: 12,33 OST 
4} 10 26 11 13 2003 | 14 09 41 14 46 32 | 175824 | 13 43 39. | 13.08 47 938 
5| 10:26:06.4) 13' 14.225 [P1408 54 7/1114 43226 |) h7 54358 1313957 1305200 O29 
6) 10 26 17 13 08 32 | 140807 | 144020 | 175047 | 133614 | 13 01 13 925 
7| 10 26 43 1302935. | 14 O7p19 pis l4 371405), W47400" a8 13 32 32 WB el257 27 om? 
Sie lO 222 Ops 0M l4s0O.3t 143409 | 174312 | 13 2850 | 12 53 40 9 18 
DLO 28) 13 IZ ESOMIS 1 1450542 SARS I03 | ss 9R25 27) IB e25.07 SIAR 40553 9 14 
10} 102916 | 124400 | 140453 | 142758 | 173539 | 132125 | 12 4607 9 10 
P| lO30 28 12 37°37) (14 04 O03 1424153" | Ie e3 LISS ey BMT 43 124220 9 06 
12} 103149 | 123110 | 140313 | 142149 | 17 2807 | 13 1401 12 38 34 9 03 
13} 103319 | 122439 | 140222 | 141844 | 172422 | 131019 | 12 34 47 OW) 
14} 103455 | 121807 | 1401 31 LATS 40) 7 20737 4 1Bt06 37°F 12 31801 $155 
TS) 10.3639 12 1133 4 OOO T4236 17 MG S52 srO2 55. 12274 8 51 
1G} 10138: 2950) 12 045597 | 13759°48, 5 14409132" 1 lea Se08 = ees SI el 2a 26 8 47 
17) 10 4024 | 1158 26 | 13 5856 | 1406 28 | 1709 24 | 1255 31 12 19 41 8 44 
18) 10 42 25 LESTE SS tise 3, 05 male OS I24 a TO SF4Q isa steal Oca Ie ley) 8 40 
19) 10 44 30°) 11 45.27 || 135710 | 1400 21 17 0157 | 12 4808 | 12 12 08 8 36 
20) 1046-409 1397038" 13 561613 5717) 16758 14551244 26 |) 1208 22 8 32 
21] 104854 | 113244 | 1355 22 | 135414 | 16 54 31 12 40 44 | 12 04 35 8 28 
22 TODS 2 e263) 13545283 Sel 16 50 49 | 123702 | 12 00 49 8 24 
23| 105332 | 112024 | 13 53 33 | 134808 | 16 47 07 $2738 Qi 11 57 02 8 21 
DANS ALOUD S SO al els 25 lel 2.38 00 134 5s05 ea LOS 26. el? 29.30 Tho 8 17 
Pry l ei \ Ome} P26 joan et le Wil O fo Si l/l eS Uns 72 ital BS cs (Ce eS Whois ie hc s: Tees oT Beh 40 a6 8 13 
26| 11 00 53 110250 | 135046 | 133900 | 163604 | 122216 | 11 45 43 8 09 
OT l0325 1O'STAVG LIB r49 50" 1335558) 3) 6932.23. 218 34°) Lades6 8 05 
PKS) Sy SS |) UO sale sul 13 48 53. | 1332 56 | 16 28 43 12 1452 | 11 38 10 8 01 
29} 11 08 35 10 46 36 | 13.4756 | 132953 | 16 25 03 se UH 11 34 23 758 
30) Tala 10 41 31 13 46 58 | 13 2651 LG F241 B48) C12 OF 29" SONS 7 7 54 
Sul il WebSe 10 36 36 | 13 4600 | 1323 49 | 161744 | 120347 | 11 2650 7 50 
Feb; sell 11016 34 |) 10) 351 13 45 02 | 132047 | 16 1405 12 00 06 | 11 23 03 7 46 
Zl VLAD) U7, 10 27 16 | 13 4403 | 131746 | 161027 | 115624 | 11 1917 7 42 
3} 11 2201 10 22 51 13 43 04 | 131444 | 1606 48 | 115242 | 11 15 30 7 38 
4; 11 2446 | 101837 | 134204 | 131142 | 160310 | 114900 | 11 11 43 7 34 
ay Ah Aaya 10 14 33 | 134105 | 13 08 41 ESI 9733 PICASA = lel eOneSy, iss 
6) 1 30 20-9) 910 L0s39% 13740 04 5) 1305539 | s)Se55555 11 41 37 11 04 10 fe2d, 
Ty Va 33°09 W210 06u5 5a S39 04 Bils02937 | lS t5 2518 W137 55 11 00 23 123 
8: lve 35259 10 03 21 13 38 03 | 1259 36 | 15 48 41 11 34 13 10 56 36 qe aks: 
9) 11 38 49 SSSI ss oTam {liens shy COP |g Ane tenn lied averstsia OY | foal bases 10 52 49 its 
10} 11 41 40 9 56 41 13 36.00 | 1253 33. | 15°41°28 |°11°2649 | 10:49:02 711 
11] 11 44 32 953 B45) e334 Soil 12,50032 9) desi S2e5 elile23 07 || 10-4515 707 
2 elle 4725 9550137 |F13933°5674|-12.47,.30-|-19-34-16 =) F-19225 10 41 28 7 04 
1S) UIPSOM8 DATAD 13 32 SASMIN2 44529, 1S SOY 11 15 43 10 37 41 7 00 
LA lessee DAS OOM eisysle 5 IZ 41828 | 1Se27805 1 1201 10 33 54 6 50 
15| 11 56 07 942787 TSS 30) 48) 1 2e3 SET |) 1528 SOM eI 1T08) LO ORS OFG7 6 52 


TIMES OF EPHEMERIS TRANSIT, 1998 E45 
Date Mercury Venus Mars Jupiter Saturn Uranus Neptune Pluto 
hm s hm s hme es h--m-~7s hm s hm s hm s hm 
Feb. 154) 11 S607 9 42 3ie | 13 30/48. | 1238927" |.15 23730), | 11 08/19), | 10 30:07 6 52 
16} 11 5903 OTAOAMNBy yy 3 20k44) 1) 125358257 1S 19556 || 1 04/37 Wy 1026219 6 48 
17,) 12 Ollp59 OSd7) | 39284) 1232024) )\ 15 1621 11 00(55q 4-10 22:32 6 44 
18| 12 04 56 WBS Ase ls 2H. 12291235 lS W2E46r NO Srelen Wh 10 18F45 6 40 
19} 12 07558 DSB OF 1S 269335 1 122625 i TS OOF Ze |) MONSSE308 ah 10457 6 36 
207 2 OES 2 934191 13 25 28 | 122320 | 15 05 38 | 104948 | 1011 10 6 33 
Zig 213450 9 30 03 1S 248245 1 EZ 20R19), |) S102 055 1) 10 46105 10 07 22 6 29 
22| 12 16 49 9 28 21 ISSO 2M MSs i) 14S 8938k 10 42 23. | 10 03 34 6 25 
23| 12 19 49 9 26 45 13 22 14 | 121416 | 145458 | 10 38 40 9 59 47 6 21 
24| 12 22 49 OP awIAR Se rOOR 2 UP ISe wy 4 Sie os OS4z57 ) 3) oh) 617 
25)| 112 25;49 9 2350 | 13 2004 | 1208 14 | 144752 | 1031 14 DS2elil 6 13 
26| 12 28 49 D 2280 WS ASS8q i 12 OSH. \) 140445208 | 10.27 31 9 48 23 6 09 
27| 12 31 48 OS 2ielon iy 1ST e522 O02 piel 14 40 47 | 10 23 48 9 44 35 6 05 
28| 12 34 48 9 20207; \) 13 1646, | 11 S9809s |, 14 37. 15~ |, 10.20105 9 40 47 6 O1 
Mar. 1] 12 37 46 91902 | 131540 | 115608 | 143343 | 10 16 22 93.659 5 58 
2| 12 40 43 OMS802" |) 18 Wes, \) S306" | 14 30M2< | e-12739 D335 10, 5 54 
3)| 12 43.39 9 17 05 13 13 27 | 115005 | 14 2640 | 10 08 56 D292, 5 50 
4| 12 46 32 OMoalss | 13 12524 114703 | 142309 | 1005 12 9 25 34 5 46 
oi 12 4922 OMl5 925 13 11 14 | 11 4401 l4 199376 |; 10 01729 9 21 45 5 42 
6] 12 52 08 9 14 41 13 1007 | 114059 | 14 16 06 9 57 45 9 17 56 5 38 
7| 12 54 49 91400 | 130900 | 113757 | 14 12 35 9 54 01 9 14 08 5 34 
8| 12 57 24 9 182225 |, 1307558" | 11 34s55* |) 14 09105 9 50 18 9 10 19 5 30 
ON 2250552 91248 | 13 06 46 | 11 3153 | 14 05 34 9 46 34 9 06 30 5 26 
10} 13 02 11 OAD Mop iy 1S, 05e38e3) Wi 28e5u 14 02 04 9 42 49 9 02 41 pee 
11} 13 04 20 91148 | 13 04 31 2S 749s 1558058 9 39 05 8 58 52 5 18 
12) 13 0617 SAle23 13108523 11 22 46 | 13 55 03 DB Dsl 8 55 03 5 14 
13} 13 08 02 O11 LOO, }s 13 O26, |) 11 T9y44> |}, 13: Sik 33 9 317, Soi V1 Stl 
14} 13 09 31 91039 | 1301 08 | 11 16 41 13 48 03 OE ay 8 47 24 5 07 
15} 13 10 43 91021 13 00 00 | 111339 | 13 44 34 9 24 07 8 43 34 5208 
16} 13 11 38 9 10 05 12 S855 211 1OBGp iy 18 404 9 20 23 8 39 45 4 59 
Mess) 3 212 909 52 | 1257 45 1 Ofe33% Ik 13: SHS 9 16 38 8 35 (55 4 55 
18)} 13:12:25 909 40 | 12 5637 | 110430 | 13 34 05 9 12553 8 32 05 451 
19) 13 12s 909-30) |, 12 551295 |, 11 Ole26, 1) 13 30336 9 09 07 8 28 15 4 47 
20} 13 11 41 909 22 | 12 5421 103582235 | 13 27107 9 05 22 8 24 25 4 43 
21) 13 10 42 9 O9MGn \ 12 S3e18) 10 S520¢ |) 13 238538 9 01 37 8 20 35 4 39 
24) NS OORT 909 11 LDS24055 WO S2 ele ip 13520209 8 57 51 8 16 45 4 35 
23) 13 O¢925 90908 | 125057 | 1049 12 | 13 16 40 8 54 05 8 12 55 4 31 
24} 13 05 05 909 06 | 124950 | 104608 | 13 13 12 8 50 19 8 09 04 4 27 
251) 13) O29 9 09 05 12 48 42 | 104304 | 13 09 43 8 46 33 8 05 14 4 23 
26} 12 59 05 909 06 | 12 47 34 | 104000 | 13 06 15 8 42 47 8 O1 23 419 
2ia 12 S524 909 08 | 12 46 26 | 103656 | 13 02 46 8 39 01 Te S32 4 15 
23 12 Sas OOoe 12 45a 9e lO Seyi 12 59 18 8 35 14 7 53 41 411 
29| 12 46 46 909 14 | 12 44 11 10 30 46 | 12 55 50 8 31 28 7 49 50 407 
30} 12 41 51 909 19 | 124303 | 102742 | 12 52 21 8 27 41 i ASS, 4 03 
31} 12 36 34 909 24 | 1241 56 | 1024 36 | 12 48 53 8 23 54 7 42 07 3h 3)5) 
Apr. 1) 12 3057 909 30 | 12 4048 | 1021 31 12 45 25 8 20 07 7 38 16 BAD) 
2| 12 25 04 9 09 37 | 12 39 41 10 18,265 | 12 41957 8 16 20 7 34 24 Be! 


E46 


TIMES OF EPHEMERIS TRANSIT, 1998 


Date Mercury Venus Mars Jupiter Saturn Uranus Neptune Pluto 
hm s hm s hm s hm s We heim ts hm s hm 
Apres) 12 30057 9 09 30 | 12 40 48 10 21-311 12 45 25 8 20 07 7 38 16 B55 
2) 12 25 04 DOSES 2 30rai LO TS26- 12 ANF; 8 16 20 7 34 24 Sew 
6 IVA ice i7/ 9 09°45™ it 12 38933 LO NSR20" fai? S39 fe) JPA 7 30°33 3 47 
4} 12 12 38 9 09%S3" |l2 37°26" | LO 12A 14s 2 35901 8 08 45 7 26 41 3 43 
3} 12, 06512 9 10 01 12 36719 10 09 08 | 12 31 34 8 04 57 7 22 49 Sig) 
6| 11 59 41 ONOP a 12°35) 12 10 06 02 | 12 28 06 8 O01 09 7:18 57 3 36 
7) 1h 53209 9 1020F 112 34°05 100255 | 12 24 38 Teare2n FASO 8°32 
8} 11 46 39 9 TOPS OF la 3258 DSI WAZ 200 33°39 i ee 3 28 
O} Ta 40r13 9 10 41 12 3ies1 956 42 | 12 17 43 7 49 44 7 07 20 3 24 
LOW ie 33855 91052 | 12 30 44 OSS S48 Wh? Tats 7 45 56 ih O03 27 B20 
11] 11 27 48 9 11 03 12 29°38 D SOR de Wal Ova 7 42 07 @ 5935 3 6 
12) WP 252) 911 14 | 12 28 32 DAP MNS WAZ 0720 7 38 18 6 55 42 Bele 
135) De teva Orde 26m Vy 2 27e25 94412 | 12 03 52 7 34 29 6 51 49 3 08 
14; 11 10 44 DO TESS Pal 2Gr19 9 41 03 12 00 25 7 30 39 6 47 56 3 04 
LESH) WI OSSS5: OF esi 122513 DBI SS 11 56 S57 7 26 50 6 44 02 3 00 
16) 11 00 43 91204 | 12 2407 9 34 46 | 11 53 29 7 23 00 6 40 09 2 56 
17| 10 56 08 DAZAGe 2. 23°01 OB385 |b 50102 Ah BOMLO 6 36 15 P52 
18} 1051 52 STN SIM OL ON SYS 9 28 28 | 11 46 34 i VS"20 6 32 22 2 48 
19} 10 47 S3 9 12 43 12 20 51 9 25419" it 435707 ‘he VE3O 6 28 28 2 44 
20; 10 44 13 DOES Om iF 12) 1945 9) 22609" | MT 39°39 7 07 40 6 24 34 2 40 
21} 10 4050 91310 | 12 18 40 OO S*S 9 ER Sort 7 03 49 6 20 40 2 36 
22| 10 37 44 O) TEN 24e |S 1) Tass: 91549 | 11 32 44 6 59 58 6 16 46 2P32 
23| 10 3455 Dis3se 5 2) Tort DDS Oe ZOE G 6 56 07 6 12 52 2 28 
24} 10 32 22 OVISI52 els [5226 9 0928 | hy 25°48 6 52 16 6 08 57 2 24 
25); 10 3004 | “9 1406 | 12 14 22 DOG V7 | We 22527 6 48 25 6 05 03 2 20 
26| 10 28 02 9 14 21 IONISSS DOS 00= Pali TSas3 6 44 33 6 O1 08 Belts 
2 10 26°13 SUAS» iF 12* 124 SSOP S44 if i 1525 6 40 41 > S718 2 V1 
28| 10 24 39 9 14°50) |) 1214 10 S S0r42? fie INP S7 6 36 49 Ses 2 07 
29| 10 23 18 9 15 05 2 VOLO, SES 298 Ie OSE 29 0 S257 5 49 23 2 03 
304 10 22°09 OF SR20e lf 280903 8 50 17 11 05 01 6 29 0S 5 45 28 1 59 
May 1] 10 21 12 95835 12 08 00 8 47 04 | 11 O01 33 6 25 12 Ae 32 lee )5) 
2) 10 20 27 ola 12 06 57 8 43 50 | 1058 05 6 21 20 S Sur on 151 
3) 110) 19558 91606 | 12 05 54 8 40 37 | 10 54 37 6. L727 DE SOFat 1 47 
4| 10 19 30 Dor22 12 04 52 83728 10 51 09 6 13 34 5 29 45 1 43 
NN LO. LSE 9516738" |F 125038749 8 3408 | 10 47 41 6 09 40 5 25 49 JeS9) 
6) 10 19 14 9 1654 | 12 02 47 8 30 54 | 10 44 12 6 05 47 Ob 21453 eos 
TA LOELOE2T Onan 12 O01 45 8 27 39 | 10 40 44 6 01 53 Dp iron 1 31 
8| 10 19 38 9 17 28 12 00 43 Seeaesor We LONSialS 5. S7t59 5 14 01 127 
9} 10 20 04 9 17 45 11 59 41 8 21 07 10 33 47 5 54 05 5 10 04 1 23 
10) 10 20 39 9 18 03 11 58 40 Salmo 10 30 18 5 50 11 5 06 07 19 
LY LO! 2ik23 OTSe20S ie UeS7E 38 8 14 35 10 26 49 5 46 16 5028191 LES 
Li LOL22F 16 OP S3398 2 WLS 6837 Se USS WeLO 25820 5 42 21 458 14 Ib Uk 
13 10: 23°19 9 18 57 11 55 36 8 08 01 10 19 51 5 38 27 4 54 17 1 07 
14) 10 24 30 OLOM Ge * US 4e35 8 04 43 | 10 16 22 5 34 31 4 50 20 1 03 
RSH) LOP25%5 0 TIE) Sisp | Mule Sys} Sh) 8 O1 25 10) 128538 5 30 36 4 46 22 0 59 
16} 10 27 19 9919756 11 52 34 758 06 | 10 09 24 5 26 41 4 42 25 OF55 
17} 10 28 58 920 16 | 11 51 34 7 54 47 10 05 54 5 22 45 4 38 28 051 


TIMES OF EPHEMERIS TRANSIT, 1998 E47 

Date Mercury Venus Mars Jupiter Saturn Uranus Neptune Pluto 
hm s hm s him: &s hm s esiilas hm s hm s h m 
May 17| 10 28 58 OWONIG Ts PI S34 75447 | 1005 54 5 22 45 4 38 28 051 
18} 10 30 45 9 20 37 | 11 50 34 7 SEZ S S| LONG225 5 18 49 4 34 30 0 47 
19} 10 32 43 92059 | 11 49 34 7 48 08 9) Sis SS 5 14 53 4 30 32 0 43 
20} 10 34 49 OPE 2A 11 48 34 7 44 48 PON YS SOS? 4 26 34 0 39 
21) 10 37 06 9 21 43 11 47 35 7 41 28 OFS SS 5 07 00 4 22 36 0 35 
22) 1039133 2207 W46236 7 38 07 9 48 25 5 03 04 4 18 38 0 31 
23| 10 42 10 D222 30 as NFA: 37 7 34 45 9 44 55 4 59 07 4 14 40 OQ 27 
24| 10 44 57 92255 | 11 44 38 7 3823 9 41 25 455 10 4 10 41 0 23 
25| 10 4755 9528) 20.) 143539 7 28 Ol 9 37 54 451 12 4 06 43 0 19 
26} 1051 05 9 23 46 | 11 42 40 7 24 38 9 34 23 4 4715 4 02 44 0 15 
27| 10 54 25 92412 | 11 41 41 FMS DB052 4 43.17 3 58 46 011 
23H VO: STEST 9 2440 | 11 40 43 NGS Qu 2 4 39 19 3 54 47 0 07 
29) 11 01 41 925 08 | 11 39 45 7 14 26 P73 30) 4 35 21 3 50 48 0 02 
BO) 1-05.39, SEQ Svan Wy) Wl 38247, 7 Vi 02 9 20 19 4 31 23 3 46 49 23 54 
31} 11 09 44 9 2606 | 11 37 49 7 07 36 9 16 47 4 27 25 3 42 49 23 50 
June 1] 11 14 03 Do St |) JUL Xo Sy 7 04 11 9 13 16 4 23 26 3 38 50 23 46 
PP LANE Vico) 9338) 27 Uss | Ii Ss) 593) 7 00 44 9 09 44 4 19 27 3 34 SI 23 42 
3) 11 23 14 92740 | 11 3455 6 57 18 9 06 12 4 15 28 33055! 23 38 
4| 11 28 06 QS 13 IE }3) )7/ 6 53 50 9 02 39 4 11 29 3 26 51 23 34 
SP 38208 9 28 47 | 11 33 00 6 50 22 8 59 07 4 07 30 Bie ay) 23 30 
6] 11 38 20 O29 2232702 6 46 54 8 55 34 4 03 31 8) Iles a 23 26 
7| 11 43 39 29S Sen esis 6 43 25 8 52 01 8) 5) Sil Bela eee2oe22 
8} 11 49 05 9 30 35 | 11 30 08 6 39 56 8 48 28 375513) 3 10 52 23 18 
9) 11 54 37 il 13} E2910) 6 36 26 8 44 55 3) SN Sl 3 06 52 23 14 
10} 12 00 13 2) shi oul 2S 13 6 32 55 8 41 21 3 47 31 3702551 23 10 
Ta 205552 DBP Bn P27 UG 6 29 24 8 37 47 3 43 30 2D PX} Syl 23 06 
124) 127 132 Ie TUL Bo I) 6 25 53 8 34 13 3 39 30 2 54 50 23402 
LS Ie Steel 28 set | alil 2s) 27 6 22 20 8 30 39 3235.29 2 50 50 22 58 
14} 12 22 49 9 34 38 | 11 24 25 6 18 48 8 27 05 3 31 28 2 46 49 22 54 
HSi|) 228922 ON35E22 as Se 6 15 14 8 23 30 3 Dif Bi 2 42 49 22 50 
Gi) 12933511 O36) On ele 3 6 11 41 SiO S55 3 23126 2 38 48 22 46 
17 1293918 9 36 54 | 11 21 34 6 08 06 8 16 20 B95 2 34 47 22 42 
18) 12 44 28 O13, 42 5) Wl) 207337, 6 04 31 8 12 45 Brae 28 2 30 46 22 38 
19| 12 49 34 9 38 30 | 11 19 40 6 00 55 8 09 09 S22 2 26 45 22 34 
20} 12 54 31 9 39 20 | 11 18 43 Seal) 8 05 33 3 07 20 2 22 44 22 30 
2A 2 =59e8 9 40 11 11 17 46 5 53 42 8 O1 57 3 03 18 2 18 42 22 26 
22} 13 03 55 941 04 | 11 16 49 5 50 05 7 58 21 DI NG 2 14 41 2D 22 
23| 13 08 20 9 41 57 11 15-52 5 46 26 7 54 44 PL By) 118) 2 10 40 22 18 
24} 13 12 33 9 42 51 11 1455 5 42 48 7 5107 Do IU 2 06 38 22 14 
25) 13716935 E43 AT BE TE BF Si, 5 39 08 7 47 30 2 47 08 202537), 22 10 
26| 13 20 24 944 44 | 11 13 00 D391 28 7 43 53 2 43 06 I ays) S35 22 05 
27| 13 24 01 9 45 41 E203 5 31 47 7 40 15 oss) 1 54 33 22 01 
Doi IS 21e 26 9 46 40 | 11 11 05 5 28 06 7 36 37 2 35 00 1 50 32 DN 
29) 113"30'39 94740 | 11 10 08 5 24 24 7 32,98 2 30 57 1 46 30 OMS 3 
30} 13 33 40 9 48 41 11 09 10 5 20 41 729720 2 26 54 1 42 28 21 49 
July 1} 13 36 28 9 49 43 11 08 12 5 16 58 7 25 41 22250) 1 38 26 21 45 
2s 3939803 950 46 | 11 07 14 5 13 14 7 22 02 2 18 47 1 34 24 21 41 


Second transit: Pluto, May 2992358™. 


E48 TIMES OF EPHEMERIS TRANSIT, 1998 


Date Mercury Venus Mars Jupiter Saturn Uranus Neptune 


im 7s hem 7s heim #s 
6 58 HDS 4) 222550 
i$ 


hm i s him) Ss Deeini wes h 
1 
14 7 22 02 2 18 47 1 34 24 
1 
1 
1 


h 

13 36 28 9 49 43 | 11 08 12 5 
13 39 03 950 46 | 11 07 14 5 
5 

5 

9 


July 1 
2 
3} 13 41 27 95150 | 11 06 16 
4 
5 


i 
1 
09 29 TNS 22 2 14 43 
05 44 7 14 42 2 10:39 
01 58 7-102 2 06 36 


13 43 38 995256) WOVIEOS IS 
13 45 37 95402 | 11 04 19 


6) 13 47 25 9557 09" 4), 11, 03: 20 4 58 11 7 07 22 2102932. 1 
7| 13 49 00 9 56 17 11 02 22 4 54 24 7 03 41 1 58 28 1 
8'|) 13550128 Dey) Ps) iSO 23 4 50 35 7 00 00 1 54 24 11011 
DP Bes less, 9 58 35 11 00 23 4 46 47 6 56 18 ISOM 1 
OP 352032 OSD46" a ONS 9524 4 42 57 6.52 377 1 46 15 1 


LT 13s S8ato 10 00 57 10 58 24 4 39 07 6 48 55 
12)| e395 3e53 10 02 09 10 57 25 4 35 16 6 45 12 
13} 13 54 15 1003222" N10) 56925, 4 31 25 6 41 30 
14} 13 54 25 10 04 35 10 55 24 4 27 32 6 37 47 
133) 13,5422 1005 50 | 10 54 24 4 23 39 6 34 03 


42 11 0 58 04 
38 06 0 54 02 
34 02 0 49 59 
29 57 0 45 57 
2552 0 41 54 


16} 13 54 06 10 07 04 | 10 53 23 4 19 46 6 30 19 
AA SES S287 10 08.20 4) 10:52:22 41551 6 26 35 
18} 13 52 54 10 09 36 | 1051 21 4 11 56 6,22 51 
IEE wIS Shs) ey eos) 10 10 52 10 50 19 4 08 00 6 19 06 
20} 13 50 48 10 12 09 10 49 17 4 04 04 Gls 


21 47 0 37 52 
17 42 0 33 49 
13 37 0 29 47 
09 32 0 25 44 
05 27 0 21 42 


21} 13 49 24 10 13 26 | 10 48 15 4 00 06 
22) 13 47 45 10 14 43 10 47 13 3 56 08 
23 13) 45091 10 16 01 10 46 10 3752709 
24| 13 43 41 LOT AS 10 45 07 3 48 10 


jie 355 1OR22 4 .0:1739 
07 50 OSTEL | .0 113136 
0 53 12 0 09 34 
00 i7 04906 | 005 31 


ANNA D 
fan) 
pss 
<<) 
ies) 


25) U3s4 St HO 18.37 10 44 04 3 44 10 56 30 0 45 01 0 01 29 
26) 13938532 10 19 55 10 43 00 3 40 09 5 52 42 0 4056 | 23 53 23 
294 13535, 33 10 21 13 10 41 56 3 36 07 54855 | 03650 | 23 49 21 
PRS By VAI) 10 22 31 10 40 52 3 32 05 5 45 07 03245 | 23 45 18 
29} 13 28 41 10 23 49 10 39 47 3 28 02 5 41 18 0 28 39 | 23 41 16 
30} 13 24 48 10 25 07 10 38 42 3923755 Sh, 29. 0 24 34 | 23 37 13 
BIN 392037. 10 26 25 10 37 36 3.19 54 5 33 40 0 20 28 | 23 33 11 
Aug. 1} 13 16 07 10 27 42 10 36 31 3 15 49 5 29 50 0 1623 | 23 29 08 
Zee S, aes, 10 29 00 | 10 35 24 3. 11,43 5.26/00 1) 0-127 X23: 25,06 
3) 13 06 11 10 30 17 10 34 18 3 07 36 2250 0 08.42. ¥) 23: 2103 
4; 13 00 46 LOS 33 10 33 11 3 03 29 3) LS: £9 00406 | 23 17 01 


5} 12 55 04 10 32 50 10 32 03 Zo I 5 14 28 0 00 01 23) h258 
6) 12 49 05 10 34 05 10 30 56 25 5:10:37 1)).23) 5149) ©} 23: 08-56 
7) 12 42 51 10 35 21 10 29 48 2 51 04 50645 | 23 4744 | 23 04 53 
8 24 > 
9 24 


12 36 24 10 36 36 10 28 39 0252: 11 23:43, 38: “| 23: 00,51 
12 29 46 10 37 50 | 10 27 30 2 43 4.59 00 |} 23.39 33: "| 22 56.49 


10} 12 22 58 10 39 04 | 10 26 21 2 38) 32 45506 | 233527 | 22 52 47 
11} 12 16 04 10 40 17 10 25 11 2 34 21 45113 | 23.31 22 \| 22 48 45 
12) 12 09 06 1041 29 | 10 24 01 2 30 08 44719 | 232717 | 22 44 42 
13) 12 02 08 10 42 41 10 22 50 22499 4 43°25: |) 23 23 I 22 40 40 
14) 1155 13 10 43 52 10 21 39 2 21 42 4 39/30 1) 23019106 4 22) 3638 
15} 11 48 25 10 45 02 10 20 28 ET A392 39 §23) ts Ol 22 32 36 
16; 11 41 48 10 46 12 10 19 16 ZAMS 4:31 39 t) 23-10. 55. =| 22; 23034 


Second transits: Neptune, July 254235726’, Uranus, Aug. 5423'55™55°. 


TIMES OF EPHEMERIS TRANSIT, 1998 E49 
Date Mercury Venus Mars Jupiter Saturn Uranus Neptune Pluto 
hm s hm s hm s hm s hyime «s hm s hm s h m 
Aug. 16} 11 41 48 10 46 12 | 10 19 16 2 Nee AS 1ES 98) 823 OiSoNe |F22428134 18 42 
Iie WS 3 5823 10 47 20 | 10 18 03 2 08 57 4 27 43 | 230650 | 22 24 32 18 38 
18} 112916 | 1048 28 | 10 1651 2 04 41 423 47 | 230245 | 22 2031 18 34 
1D) PL E2 392959 10749035 10 15 38 2 00 25 41950 | 225840 | 22 16 29 18 30 
20} 11 18 04 10 50 41 10 14 24 1 56 08 AU SHS 3A |/0225483 5" 16225 1297 18 27 
DA 1 1813305 1051 46 | 10 13 10 ib Syl 30) 41156 | 225030 | 22 08 26 18 23 
22 i V1VO89B 2s) 10)S2451 LOPE SS 1 47 32 40758 | 22 4625 | 22 04 24 18 19 
23) 110429 | 105354 | 10 10 40 1 43 14 40400 | 22 4220 | 22 00 23 18 15 
24; 11 0055 105457 | 10 09 25 1 38 55 40001 | 223816 | 21 56 21 18 11 
Ziv, 1OVS7653: 1055 58 | 10 08 09 1 34 35 SiS GFO2F E2283 451 las P2115 2520 18 07 
26| 10 55 21 105659 | 10 06 53 1 30 15 3.5202 | 223007 | 21 48 19 18 03 
Deas 1O}S372 1 1OSTESS 10 05 36 E2585 3.48 02 | 22 2602 | 21 4417 1759 
28) 105152 | 105857 | 10 04 19 1 21 34 3 4402 | 22 2158 | 21 40 16 17455 
29} 10 50 53 10 59 55 10 03 O1 Maes SI4 010 1Re R225 7p5 Se | F21e3 6S 17 51 
30; 105024 | 110051 10 O1 43 ie L255) 31361008) [6221334959 |) 211 132-15 17 47 
31] 10 50 23 11 01 47 10 00 24 1 08 29 3731659822, 09545a9 |) 2128514 17 43 
Sept. 1} 10 50 48 11 02 42 9 59 05 1 04 07 32 7E5 Tae 2200 5t4 lage 1218245 13: 17 40 
PAE LO} SISOS 11503586 9 57 46 0 59 44 352355 5ee 2210 1eS Tee 12152 0m: 17 36 
3) 105252 | 11 04 29 9 56 26 0 55 21 BUORS 2p O21 763456 P2118 163 12 WiRS2 
4| 10 54 27 11 05 21 OFs5r05 0 50 58 Be ilsy CSN AU Sys} SiO) |) AU bas Th 17 28 
5| 10 56 20 11 06 13 9 53 44 0 46 35 3 11 46 21 49 27 21 08 11 17 24 
Gis LO} 587298 1) O72 08 ) S223} 0 42 11 307 42 | 21 4523 | 21 0411 17 20 
7} 11 0053 11 07 53 95101 0 37 47 3 03 38 | 21 41 20 | 210011 17 16 
8| 11 03 28 11 08 41 9 49 39 0 33 23 2559, 345 521 376 Tes 1) 20556: lit 17 12 
9| 11 06 14 11 09 29 9 48 16 0 28 59 PSS PII A OB Bye) Mh PAN) we FN 17 08 
10} 110906 | 11 10 16 9 46 53 0 24 34 25124 | 212911 | 20 48 11 17 05 
ded )}, » 1112505 11 11 03 9 45 29 0 20 09 24719 | 212508 | 20 44 11 17 01 
L2H) TS LShO7 LLP ile 49 9 44 05 0 15 45 2 43 13. | 212106 | 20 4011 16 57 
Siar WLS Wass et 125684 9 42 40 0 11 20 PR BISON) PN Woal 7/08). I) PAW) Bio 16 53 
14) 11 2117 11 13 18 9 41 16 0 06 55 23 00K PZ STOWE 200323 16 49 
15} 11 24 23 11 14 02 9 39 50 0 02 30 230sO8Re | EZ INOStO ON 201283 16 45 
Gi | 1.2728 11 14 45 9 38 24 | 23 53 39 226 46 | 210457 | 20 24 14 16 41 
LAs LZ O¥8i1 Wy L527, 9 36 58 | 23 49 14 DDD OM e218 00k> Sea |) ZOLZ0 AS 16 37 
Sis 1193353 11 16 09 9 35 31 | 23 44 49 Qe VGaS IG e20p5 675388 F200 G6 16 34 
19; 11936229 5 | 11) 16550 9 34 04 | 23 40 24 Di Aa2Say 20k 255208 f 20) Waals, 16 30 
2OW W393 111% 3 D3 20B1 |B230351 59 21014 | 20 48 51 20 08 19 16 26 
21} 11 42 14 iP Sal 9 31 09 | 23 31 34 20606 | 20 4449 | 20 04 20 16 22 
22} 11 4501 11 18 52 9 29 40 | 23 27 10 201 57 | 204048 | 20 00 22 16 18 
23} 11 47 45 WP 19s Bil ODS 23! 22645 15748 | 203648 | 19 56 23 16 14 
24} 11 50 25 11 20 10 9 26 42 | 23 18 20 153 38 | 20 32 47 LOS Qs 16 10 
OSs WISE) Ol 11 20 49 O22 (23h 1356 149 28 | 20 2846 | 19 48 27 16 07 
DKsy NU ys} 38, 1p 2828 9 23,42 | 23 09 32 145 18 | 20 2446 | 19 44 29 16 03 
27| 11 58 02 11 22 06 922 11 | 2305 08 14108 | 20 2046 | 19 40 31 15 59 
28] 12 00 28 11 22 44 9 20 40 | 23 00 45 13657 | 20 1646 | 19 36 34 115) 5)5) 
QO" 125022508 4 238) 22 91909 | 22 56 21 13246 | 201246 | 19 32 36 15 51 
30] 120510 | 11 24 00 ON Bias E22, SleS8 1 28 35 | 20 08 47 19 28 39 15 47 
Oct) epliie 1207026 11 24 38 9 1604 | 22 47 36 12424 | 200447 | 19 24 41 15 43 


Second transit: Jupiter, Sept. 15423"58™05°*. 


ESO 


TIMES OF EPHEMERIS TRANSIT, 1998 


Date Mercury Venus Mars Jupiter Saturn Uranus Neptune Pluto 
hm s hm s hipmnes bh) a is hm s hm s ign es h m 
Oct. Wi 12 07 26) 311) 24-38 91604 | 22 47 36 12424 | 200447 | 19 24 41 15 43 
De V2 OSkA Ors EL 2 Sil’ 9 14 32 | 22 43 13 12013 | 200048 | 19 20 44 15 40 
SIZ TSI LUE 2553 OM 2832203895 1 16 01 19 5649 | 19 16 47 15 36 
4} 121400 | 11 2631 ORS 2215485 0 LU Or LOTS2 90 1912550 15132 
5) 1216 06:4) sl) 27-08 909 51 | 22 30 08 L073 MOTASS2 19108754: 15 28 
6) 12 18 11 11 27 46 908 16 | 22 25 47 WO31DS Oras =O 04a Si 15 24 
TV ND 2O TA A 23°24 906-42)" "2221827 OD Se Ors ys ose LOIN OO: 15 20 
OZ, 22a Se ls 29702 DFO SHOT 22, ge Or. OFSSHOO™ POTS Gr Se isis OF 15 Wi 
ONDA ANG M2 Ora OHO 3IS | 22a ODOT 193259 1858908 1S) aS 
NOW 220M 20S MASONS DOSS F22108228 0 46 34 | 192901 18 49 12 15 09 
LAG 2309 eS ONS8 90019 | 22 04 10 0 42 21 19 2504 | 18 45 16 15 05 
We ule SOLO She ele silanes 8 58y42 2175 9'52 038 08 | 192106 | 18 41 20 15 01 
2 S21OOR les 2018 SP STMOSE 21 559°34 O33 54 1 ORITOO 13537224) 1457 
NA 2 S854) 3) 32958 SB) Se tal Pl Sil shy 0 29 41 LOM Set Se Sess e279 14 54 
OM LASS ca ie eS 3889) 8 53 50 | 21 47 00 O25 27 10S TS S29 34 14 50 
GH 2ST S97) 3420 85212 | 21 42 44 O24 TOROS PLS 2535 14 46 
1A ES ORS HSS! 02 SOS a ESS 29 0 17-00 |" 19 0123» |) iS 2143 14 42 
18) 124122 | 1135 44 8 4854 | 21 34 14 01246 | 185727 | 18 17 48 14 38 
92) 12 430137?) 1} 36°27 8 47 15 | 21 30 00 0'08'33" |" 18 53e31 18 13 53 14 35 
PO 1245 O36") 11) 371 8 45 36 | 21 25 47 00419 | 184936 | 180959 14 31 
Ane levaO 52) Sly 37°59 8 43.56 | 21 21 34 00005 | 184540 | 18 06 04 14 27 
22) 12 48 41 11 38 41 SrA QMS S21 MITA 23 US Tes Iel Sta eS) ls US 102 KO 14 23 
ZB MZ SO SOM) MSO 7 SrA 03598) S21 USO 428547923) 1% 18 tS 7 SO | L7 SS ke 14 19 
24} 125218 | 11 40 13 SPB D4 = 211089591828 4309)" 183355" 7 SAP zi 14 16 
25} 125405 |-=11 41 01 SoS TMD, 4) 21404548231 38t55"" | L8S0 00” | Fk BOF 14 12 
26) 112 55 51 11 41 50 8 35 30 | 210039 | 23 34 41 18 2606 | 17 46 34 14 08 
ZN St BOM) ANE A2NS9 813348)" ) 20 56°30" 842313027" | 18,22 12 * 7 42°40 14 04 
ZN 2 59 20 il 43929 8532 06-9) 520'52922-1) 1923 26S iS U8 1818 * 17138 46 14 00 
29) 13 0102 | 11 44 21 8 3023 | 2048 14 | 232159 | 181424 | 17 34 53 IS ESH 
30; 13 02 43 | 11 45 13 8 28 40 | 204407 | 231745 | 18 1031 17 31 00 1333 
31) 13 04 21 11 46 06 8) 26:56)" 20) 4010 EP N23" 13"31 18 06 37 | 17 27 06 13 49 
Nov. 1] 130557 | 11 4701 82a les 20) 3505 6 23 OOS § 181 02 Aaa 7 28a 13 45 
2) 13 0730 | 11 47 56 Siar See 20) SIPSIEY P23) OSA © NT S8 sl 17 19 20 13 41 
3) 130900 | 11 48 53 SEZ 4as 1 520° 27°47 123/00 S01" 17458 17 Nos 13 38 
4) 13 1025 | 11 49 51 SLD 9 | 20294422 SET Ms 17 SOG" 7 ess 13 34 
5) 13 1146 | 11 50 49 81814 | 201942 | 225224 | 174713 | 1707 43 13 30 
Gi 13 W302 | Mail) Silw49 8 1628 | 2015 40 | 22 48 11 17 43 21 17 03 50 13 26 
7S eaOF Mas 225.1 8 1443 | 2011 39 | 22 4358 | 173929 | 1659 58 1322 
31 Sil let a ES Br DS SelZr sl! || * 20/0789 22°39 AS 73S ST * lO ISOr0G6 13 9 
ONS Mot 4 Sl SANS 7 SLL MOG 20103889") 22,3552 | 7S A OMG S24 13 15 
LOWE WS: WORT ly S602 8 09247) LO SH 41 22) SIO 17127 S5'™ ||" 1648222 LS EM 
LAPS aS 11 57 08 SHOT ST | LOS AS 922 DIMOT VT 24°08 16 a0) 13 07 
LAWS VSO ATS SMS S1OST49-"| PLONS IAG 922.22 Sd 17 202 64 Oso 13 03 
LB MLS Liss Ote ISOM 8 0402 | 194749 | 22 1843 | 171622 | 16 36 47 13 00 
14} 13 1724 | 12 00 33 802 14 | 194353 | 22 14 31 171280 16 32 56 12 56 
15} 13 1649 | 1201 45 SLOORZ6™ #193955 S R22 e019) 70ST 16 29 05 122 
NGG is 37 2NO2eS 7. 758 37 | 193604 | 220608 | 170451 16 25 14 12 48 


Second transit: Saturn, Oct. 


DiNPBESS™5 Iss 


TIMES OF EPHEMERIS TRANSIT, 1998 E51 

Date Mercury Venus Mars Jupiter Saturn Uranus Neptune Pluto 
hm s hemess jn ines hm s Igy 30) int Tay hm s h m 
Nov. 16| 13 15 53 12202) 5, 38 SiO 36104 we 22206/ 085 417 04 Si 16 25 14 12 48 
17} 13 14 31 12 04 10 FS6 48) W932 1s 22,01.57 slaOleo) 16 21 23 12 45 
18} 13 12 41 12 05 25 LIES | WZ IRS | BIS || to S77 16 17 32 12 41 
19), 13: 1020) | (12,06 41 Y SHON || WO WAS || PISS || HGS Wil 16 13 41 22a 
20)) 13:07 24 2107 58 Hes 20) | A19K20935 7) 21849925) | 16349532) || 16s09851 1238 
Zia els) OB Sil 12 09 17 749 29 | 191645 | 2145 14 | 1645 43 | 1606 00 1229 
22012 59°36 F210 36 7 47 39 | 191255 | 214105 | 164154 | 1602 10 12 26 
28) e112 5439) jen2 1 56 745 48 | 190906 | 213655 | 163805 | 15 58 20 2 D2 
24; 12 4857 | 12 13 18 AST Seal Loan a2 32245 16 3416 | 15 54 30 12 18 
254) 912 42.30) e214 4) Ted2 06 | sVOKOINS1 (| 212836 | 1653028) ||| 15.50°40 12 14 
26| 123519 | 12 16 04 740 14 | 185744 | 21 2428 | 162639 | 15 46 50 Wa 
Dia a2 Di 27 alee 29 nS3: 22) elt8e53558) 7 | 2120019 ||) 16,22ssil 15 43 00 12 07 
28) 2M8'58 P28 35 7ad6 30) /EUSE50R13" 9) QIBLORI 16 1903 | 15 39 10 12 03 
0) L2OOFS Os 22 Oa eSAtS Vee lLSt4O 28am ed On OSmn LOM Sel Se ailsss 5.2 WLES9 
30} 120040 | 1221 49 32 44 | 18742"45 | 210755) || Ley 28) | 1S:31031 11 55 
Dec. dujali si 11 12923) V7 73050 | 183901 | 2103 48 | 160740 | 15 27 42 11 52 
2) 11 4142 | 12 24 46 7.2857 |\A83519 | 2059°41 LGIOSS3y |) sp2380538) 11 48 
Bi LBZ 26 ele 26 16 Je2q, OS) \el8usiesy |) 20555935) || Loy00 06) | sp 20703 11 44 
AW e232) 1227, 46 POO | MES ay || POS |) ese) || isi ité! 11 40 
Si) al TAS1O8: e229) 17 723 VA.) | ehtSe2 4016) 9) 20747823" 552-32, | spas 11 36 
6; 11 07 21 12 30 48 Te2V 19) NUS 2037 \20rA3 1h |) 5348 45) 4) 1Ss0837 1133 
TN I OORG: ess 2-20 71924 | 181658 | 203912 | 15 4459 | 15 04 48 p29 
Sil ONS8 156: |p lees3i53 Hale 28) elSelse20) Vi 20s35 O07. lSs4 es: 1S, 00759 E25 
9} 1048 20 | 12 35 26 TNS S32 18509 AZ S20 SI OS 1S) 37 26e e457 10 11 21 
10} 10 43 29 | 12 36 59 TMB) 36) ||RUSIOGIOS |) 20826759 || 15933540\—) 4553722 11 18 
Iki) a10'39920) gl2=38 33 71140 | 180229 | 202255 | 15.2955 | 14.49 34 11 14 
1s a lO Beas 12 40 06 709 43 | 175853 | 201852 | 15 2609 | 14 45 45 11 10 
13} 10 3259 | 1241 40 TOUPAS \wARSS 18: | 201449 |) 1522.23 | l4c4is7 11 06 
14) 10 3042 | 12 43 14 7 05 48 175144 | 201046 | 15 1838 | 14 38 09 11 02 
Si 1028755 12 44 48 703 50 | 174810 | 2006 44 | 15 1452 | 14 3421 10 59 
16} 10 27 36 | 12 46 22 qe) 17 44 37 | 2002 42 | 15 1107 | 14 30 33 10 55 
17| 10 2642 | 12 47 56 659 53 | 174105 | 19 58 41 15 07 22 | 14 26 45 10 51 
18) 102610 | 12 49 29 Gro 53) \Wediee37 B38 |) L9S4t40» || LSr03 3% | ta 22e5i7 10 47 
LO LO2St59 | 1225102 Go) 540 ld 34 O2Ms S1OFS 0539 Sl 4" 59 See ea OLOD 10 44 
20; O 26106 Ip 1O52 35 6953 54 e303) 19 46 39 | 145608 | 14 15 22 10 40 
21} 10 2629 | 1254 08 651 54 | 172701 19 42 39 | 145223 | 1411 34 10 36 
22| 102706 | 1255 40 6 49 53 17 23 32 | 193840 | 144839 | 14 07 46 10 32 
BNP lO 2S: Wwleis7 Ut 6 47 52 | 172003 | 19 34 41 144455 | 14 03 59 10 28 
24} 10 28 58 12 58 42 6°45'°50) |) 17 1635 19 30 42 | 1441 11 14 00 11 10 25 
Zi sO BOOT S300) 13 6 43 48 171307 | 192644 | 143726 | 13 56 24 10 21 
26} 10 31 31 13 01 42 6 41 45 1709 40 | 1922 46 | 143343 | 13 52 37 10 17 
27; 10 33 01 13 03 11 6 39 42 | 170614 | 191849 | 142959 | 13 48 50 10 13 
28] 10 3439 | 13 04 39 6 37 39 | 170248 | 191452 | 142615 | 13 45 02 10 09 
29] 10 36 24 | 13 06 06 635° 35 GES OND ae LOO S Oma Lae 2 13 41 15 10 06 
30) 103816 | 13 07 32 6 33 31 165557 | 190700 | 141848 | 13 37 28 10 02 
31} 10 40 13 13 08 57 6 31 26 | 165233 | 190304 | 141504 | 13 33 41 9 58 
SP) e LOAQIG. BRO 22 6 29 21 164909 | 185909 | 1411 21 13 29 54 9 54 


Boz 


MERCURY, 1998 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 


FOR 0° DYNAMICAL TIME 
T 
Date Light-time | Magnitude | po¥rT8e. | Diameter | Phase | AMS | niochination 
m ” ) " 

Jan, SPERI 7.12 + 0.1 +33 7.86 0.413 100.0 4.61 
l 7.48 =(1 3.2 7.48 0.483 92.0 3.87 
3 7.83 0.2 3.2 7.14 0.545 84.8 3.25 
5 8.18 0.2 3.1 6.84 0.599 78.5 2.74 
7 8.51 0.2 3.1 6.58 0.647 72.9 2.32 
9 8.82 ~03 43.1 6.34 0.688 67.9 1.98 
i 9.12 0.3 3.1 6.13 0.723 63.5 1.70 
13 9.40 0.3 3.0 5.95 0.755 59.4 1.46 
15 9.66 03 3.0 5.79 0.782 55.7 1.26 
17 9.91 0.3 3.0 5.64 0.806 52.3 1.10 
19 10.14 ~03 +3.0 5.52 0.827 49.1 0.95 
21 10.35 03 2.9 5.41 0.846 46.2 0.83 
23 10.54 03 2.9 5.31 0.863 43.4 0.72 
25 10.72 03 2.9 5.22 0.879 40.7 0.63 
27 10.88 03 2.8 5.14 0.893 38.2 0.55 
29 11.02 ~04 42% 5.07 0.906 35.7 0.48 
31 1.15 0.4 a7 5.02 0.918 33.3 0.41 
Feb. 2 11.27 0.5 2.7 4.96 0.929 30.9 0.35 
4 11.37 0.5 2.6 4.92 0.939 28.5 0.30 
6 11.45 0.6 2.5 4.89 0.949 26.1 0.25 
8 11.52 Gy +25 4.86 0.958 23.6 0.20 
10 11.57 0.8 24 4.84 0.967 21.0 0.16 
12 11.60 0.9 2.3 4.82 0.974 18.4 0.12 
14 11.62 1.0 2.1 4.82 0.982 15.6 0.09 
16 11.61 1.1 2.0 4.82 0.988 12.7 0.06 
18 11.59 -13 +19 4.83 0.993 97 0.03 
20 11.54 14 17 4.85 0.996 6.8 0.02 
22 11.47 1.6 1.6 4.88 0.998 4.9 0.01 
24 11.37 1.6 1.6 4,92 0.997 5.9 0.01 
26 11.25 1.6 1.6 4.97 0.993 9.5 0.03 
28 11.09 ey oo 5.05 0.984 14.3 0.08 
Mar. 2 10.89 1.5 18 5.14 0.970 19.9 0.15 
4 10.66 14 1.9 5.25 0.949 26.2 0.27 
6 10.39 1.3 2.0 5,39 0.918 33.2 0.44 
8 10.07 1.3 2.1 5.55 0.878 40.9 0.68 
10 97 -12 +22 5.76 0.827 49.2 1.00 
12 9.33 1.0 23 6.00 0.764 58.1 1.41 
14 8.91 0.9 2.4 6.28 0.692 67.4 1.93 
16 8.46 07 2.6 6.61 0.612 77.0 2.56 
18 8.01 0.5 2.8 6.99 0.528 86.8 3.30 
20 7.55 Hu) +3.0 741 0.443 96.5 4.13 
22 7.1 + 0.2 3.3 7.87 0.360 106.3 5.04 
24 6.68 0.6 3.6 8.37 0.282 115.9 6.01 
26 6.29 11 3.9 8,89 0.211 125.3 7.02 
28 5.93 7 4.2 9.42 0.148 134.7 8.03 
30 5.62 oe +4.5 9.94 0.096 143.9 8.99 
Apr 5.36 + 3.1 +4.8 10.43 0.055 153.0 9.86 


MERCURY, 1998 E53 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 
Sub-Earth Point Sub-Solar Point North Pole 
Date T= 
Long. Lat. Long. Dist. P.A. Dist. P.A. 
° ° ° W re) ” fe) 

Jan. —1 86.07 — 6.15 186.17 — 3.87 102.49 — 3.91 11.41 
1 97.38 6.03 189.35 — 3.74 101.15 Sue. 10.96 
3 108.26 5.91 193.07 + 3.56 99.76 3.55 10.32 
5 118.82 5.81 197.30 B35 98.31 3.40 9.50 
7 120n12 5.71 201.98 3.14 96.77 B27] 8.55 
9 139.21 — 5.62 207.05 + 2.94 95.18 — 3.15 7.48 
11 149.14 S253) 212.46 2.74 93.51 3.05 6.31 
13 158.94 5.48 218.16 2.56 91.78 2.96 5.06 
15 168.63 5.42 224.12 2.39 90.00 2.88 3.74 
17 178.23 SoM 230.29 23 88.17 2.81 2.36 
19 187.75 — 5.32 236.64 + 2.09 86.29 — 2.75 0.93 
21 197.21 Sy 2y 243.13 1.95 84.36 2.69 359.46 
23 206.61 523 249.73 1.82 82.39 2.64 357.97 
25 215.96 5.20 256.41 1.70 80.37 2.60 356.45 
27 225.26 5.16 263.14 1.59 78.31 2.56 354.93 
29 234.51 — eS lS 269.90 + 1.48 76.21 — 2.53 353.39 
Bi 243.72 5.10 276.67 1.38 74.04 2.50 351.86 
Feb. 2 252.88 5.07 283.40 1.27 71.80 2.47 350.34 
4 261.99 5.04 290.09 etl 69.47 2.45 348.83 
6 271.06 5.01 296.69 1.07 67.01 2.43 347.35 
8 280.08 — 4.99 303.18 + 0.97 64.36 — 2.42 345.89 
10 289.05 4.96 309.53 0.87 61.43 2.41 344.47 
12 297.96 4.94 315.70 0.76 58.03 2.40 343.09 
14 306.82 4.92 321.67 0.65 53.84 2.40 341.76 
16 315.63 4.90 327.38 0.53 48.18 2.40 340.48 
18 324.37 — 4.88 332.80 + 0.41 39.42 — 2.40 339.25 
20 333.05 4.87 337.88 0.29 23.00 2.41 338.10 
uD 341.68 4.86 342.57 0.21 347.43 2.43 337.01 
24 350.24 4.86 346.81 0.25 300.61 2.45 336.01 
26 358.75 4.86 350.55 0.41 275.44 2.48 335.08 
28 WP — 4.87 353.73 + 0.62 263.69 — 2.51 334.25 
Mar. y 15.65 4.89 356.32 0.87 25.714: 2.56 333152 
4 24.07 4.92 358.28 1.16 252.93 2.61 332.89 
6 32.50 4.97 359.61 1.48 249.97 2.68 B32i87 
8 40.99 5.03 0.33 1.82 247.77 Dade 331.96 
10 49.58 — 5.12 0.54 + 2.18 246.06 — 2.87 331.65 
12 58.32 Se 0.37 O55 244.70 2.99 SID C8) 
14 67.29 5.34 359.99 2.90 243.56 Bale 331.34 
16 76.55 5.49 359.61 322, 242.57 3.29 Sissi 
18 86.17 5.65 359.43 + 3.49 241.65 3.48 331.33 
20 96.20 — 5.82 359.64 — 3.68 240.71 — 3.68 331.38 
Ap) 106.70 6.00 0.36 3.78 239.69 3.91 331.44 
24 117.70 6.18 1.68 8177, 238.50 4.16 331.49 
26 129.23 6.34 3.63 3.63 237.02 4.42 331.52 
28 141.29 6.47 6.22 3.35 235.10 4.68 Sheplers! 
30 153.84 — 6.55 9.40 — 2.93 232745 — 4.94 331.50 
Apr. 1 166.86 — 6.58 13.14 — 2.37 228.42 — 5.18 331.45 


E54 


MERCURY, 1998 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 


Date Light-time | Magnitude Sera Diameter Phase rae gic tetan 
m " ° ” 

Apr. 1 5.36 ELL +4.8 10.43 0.055 153.0 9.86 
3 5.16 4.0 4.9 10.85 0.025 161.7 10.58 

5 5.00 49 4.6 Wid, 0.008 169.7 11.10 

i 4.90 5.4 4.1 11.42 0.003 173.8 E39 

y 4.85 48 4.8 11.54 0.009 169.1 11.44 

1] 4.84 + 4.1 +5: 1 11.55 0.025 161.9 11.26 

13 4.88 3.4 Dl 11.45 0.049 154.6 10.90 

15 4.96 2.8 5.0 11.27 0.078 147.5 10.39 

17 5.08 2:3 4.9 11.01 0.112 140.9 9.78 

19 5) 702 19) 4.7 10.71 0.148 134.8 953 

21 59) sell £9 +4.6 10.38 0.185 129.0 8.46 

23 5.58 1.4 4.5 10.03 0.222 P2357, 7.80 

25 5.78 el 4.3 9.68 0.259 118.8 Tel th 

Pall 6.00 1.0 4.2 933 0.296 114.1 6.57 

29 6.23 0.8 4.1 8.98 0.331 109.8 6.01 
May 1 6.47 pA LT! +4.0 8.65 0.365 105.6 5.49 
3 6.72 0.6 3.9. 8.33 0.399 101.7 5.01 

5 6.97 0.5 3.8 8.02 0.432 97.8 4.56 

7 T23 0.4 3.7 PAIS 0.464 94.1 4.14 

9 7.50 03 3.6 7.46 0.496 90.4 3.76 

1] Tale +02 3.5 7.20 0.529 86.7 539 

13 8.05 0.1 3.4 6.95 0.561 83.0 3.05 

15 8.32 + 0.0 3.3 6.72 0.594 192 2.73 

17 8.60 05k 3.2 6.50 0.628 152 2.42 

19 8.88 0.2 Salt 6.30 0.662 71.1 2.13 

21 9.16 — 03 2.9 6.11 0.698 66.7 1.85 

23 9.43 0.5 2.8 5.93 0.735 62.0 1.57 

25 9.69 0.6 2a SHY 0.772 57.0 1.31 

PT] 9:95 0.8 2.5 5.62 0.811 BY fe) 1.06 

29 10.19 0.9 2:3 5.49 0.849 45.7 0.83 

31 10.41 =.) 2.1 5.38 0.887 39.3 0.61 
June 2 10.60 1.3 2.0 5.28 0.922 32.4 0.41 
4 10.76 ite) iN 5.20 0.953 25.1 0.25 

6 10.88 1.8 INES) 5.14 0.977 17.4 0.12 

8 10.96 2.0 2 5.10 0.993 95 0.04 

10 11.00 — 269 10) 5.09 0.999 29) 0.00 

12 10.98 24 1.2 5.09 0.995 Ue) 0.02 

14 10.92 1.8 1.4 Sele 0.981 S57 0.10 

16 10.82 1.6 1.7 Salty 0.959 23.4 0.21 

18 10.67 ie) 1.9 5.24 0.930 30.7 0.37 

20 10.50 eave aA Spe) 0.897 SS 0.55 

22 10.29 0.9 2 5.43 0.861 43.8 0.76 

24 10.07 0.8 25 YX) 0.824 49.7 0.98 

26 9.83 0.6 2.6 SHO, 0.786 Soul 22 

28 9.58 0.5 2.8 5.84 0.750 60.0 1.46 

30 9.32 AS, eZ) 6.00 0.714 64.7 1.72 
July 2 9.06 —0.2 +3.0 6.18 0.679 69.0 1.98 


MERCURY, 1998 E55 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 
Date Sub-Earth Point Sub-Solar Point North Pole 
Long. Lat. Long. Dist. PA Dist. P.A. 
re) fe) oO i vt fe) Wy te) 
Apr. 1 166.86 — 6.58 13.14 — 2.37 228.42 — 5.18 331.45 
3 180.27 6.54 iS 1.70 VON 5.39 331.40 
5 193.96 6.41 22.06 1.00 203.30 5.56 S3iR35 
7 207.82 6.20 DUA) 0.62 144.98 5.68 331183) 
9 22a? 5.91 32.55 1.09 93.78 5.74 331.30 
11 235.54 — 5.56 38.26 — 1.80 78.54 — 5.75 Bossi 
13 249.18 S15 44.23 2.46 72.20 5.70 BSik3s 
15 262.56 4.70 50.40 3.02 68.75 5.61 831135 
17 275.63 4,23 56.75 3.47 66.59 5.49 331.38 
19 288.35 3.76 63.24 3.80 65.12 5.30 331.40 
2 300.72 — 3.30 69.84 — 4.03 64.07 — 5.18 331.41 
Ve 312.76 2.85 76.52 4.17 63.31 5.01 331.42 
25 324.47 2.41 83.26 4.24 62.74 4.83 331.42 
27 335.88 2.00 90.02 4.26 62.32 4.66 331.43 
29 347.02 1.62 96.78 4.23 62.03 4.49 331.45 
May 1 357.89 — 1.26 103.52 — 4.16 61.83 — 4.32 331.49 
3 8.53 0.92 110.20 4.08 61.74 4.16 331.55 
5 18.96 0.60 116.80 3.97 61073 4.01 331.65 
7 29.18 0.31 123.29 3.86 61.81 3.87 331.79 
9 39.22 — 0.03 129.63 — 3.73 61.98 — 3.73 331.98 
11 49.07 + 0.22 135.80 + 3.59 62.24 + 3.60 332.23 
13 58.76 0.46 141.76 3.45 62.60 3.48 33204 
15 68.29 0.68 147.47 3.30 63.07 3.36 332.93 
17 77.67 0.89 152.89 3.14 63.65 3.25 333.41 
19 86.88 1.08 157.96 2.98 64.36 Bills 333.98 
21 95.95 + 1.26 162.64 + 2.81 65.21 + 3.05 334.66 
23 104.87 1.43 166.87 2.62 66.22 2.97 335.45 
25 113.63 1.59 170.60 2.42 67.41 2.88 336.36 
27 12225 1.74 173.78 2.20 68.81 2.81 337.41 
29 130.72 1.88 176.36 1.96 70.47 2.74 338.61 
3] 139.05 + 2.02 178.30 + 1.70 72.46 + 2.69 339.96 
June 2 147.25 2.16 179.62 1.42 74.90 2.64 341.47 
4 155232 2.30 180.34 1.10 78.08 2.60 343.14 
6 163.30 2.43 180.54 0.77 82.79 2.57 344.96 
8 171.21 2.58 180.36 0.42 92.56 2.55 346.92 
10 179.07 + 2.73 179.98 + 0.13 150.59 + 2.54 349.00 
12 186.94 2.88 179.60 0.35 239.78 2.54 351.16 
14 194.84 3.05 179.43 0.69 252.44 2.56 353.38 
16 202.81 325 179.64 1.03 258.11 2.58 355.61 
18 210.87 3.43 180.38 1.34 262.04 2.62 357.82 
20 219.05 + 3.63 181.71 + 1.62 265.25 + 2.66 359.98 
22 227.36 3.85 183.67 1.88 268.06 2.71 2.07 
24 235.81 4.08 186.26 DW 270.61 Dial 4.06 
26 244.40 4.32 189.45 233 272.94 2.84 5.94 
28 253.14 4.58 193.19 OhoS 219.09 2.91 WAP 
30 262.02 + 4.84 197.44 + 2.71 277.09 + 2.99 9.37 
July 2 DOS + 5.13 202.13 + 2.88 278.95 + 3.08 10.90 


E56 


MERCURY, 1998 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 


Date Light-time | Magnitude Sees Diameter Phase nah ee 
m " ° Wl 

July 2 9.06 — 0.2 +3.0 6.18 0.679 69.0 1.98 
4 8.79 0.1 32 6.36 0.645 73.1 2.26 

6 8.52 — 0.0 BV 6.56 0.613 77.0 2.54 

8 8.25 + 0.1 3.4 6.78 0.580 80.7 2.84 

10 799 0.2 315 7.00 0.549 84.4 3.16 

12 Te, + 0.3 +3.6 7.24 0.517 88.0 3.49 

14 7.46 0.4 3.7) 7.49 0.486 91.6 3.85 

16 | 0.4 3.8 7.76 0.455 O5e2, 4.23 

18 6.96 0.5 3:9 8.04 0.422 98.9 4.64 

20 6.71 0.6 4.0 8.33 0.390 102.7 5.09 

22 6.48 + 0.8 +4.1 8.64 0.356 106.7 5.56 

24 6.25 0.9 4.2 8.96 0.321 110.9 6.08 

26 6.03 1.0 43 9.28 0.286 115.4 6.63 

28 5.82 2 4.4 9.61 0.249 120.1 G22 

30 5.63 iS) 4.5 9.94 0.212 1252 7.83 
Aug. 1 5.45 + 1.7 +4.6 10.26 0.175 130.6 8.47 
3 10) Al 4.8 10.55 0.138 136.4 9.10 

5 5.18 25 49 10.81 0.102 142.7 9.70 

nh 5.08 3.0 520 11.01 0.070 149.2 10.23 

9 5,02 BD Syl [13 0.043 156.0 10.65 

11 5.0r + 4.2 +5.0 11.17 0.023 162.5 10.91 

13 5.04 47 48 11.10 0.012 167.4 10.97 

15 612 47 4.8 10.92 0.012 167.6 10.80 

17 5.26 4.1 49 10.64 0.023 162.5 10.39 

19 5.45 33 48 10.27 0.048 154.8 9.78 

21 5.69 + 2.6 +4.6 9.83 0.085 146.2 9.00 

23 5:99 1-9 4.3 9.34 0.134 137.1 8.09 

25 6.33 1 3h) 8.83 0.194 (27e7. 7.12 

27 6.72 0.7 3.6 8.33 0.264 118.2 6.13 

29 7.14 + 0.3 313 7.84 0.342 108.5 5.16 

31 7.58 —0.1 +3.1 7.38 0.425 98.6 4.24 
Sept 2 8.04 0.4 2.8 6.96 0.511 88.7 3.40 
4 8.50 0.6 2.6 6.58 O97 78.8 2.65 

6 8.95 0.8 ae) 6.25 0.679 69.1 2.01 

8 9.38 1.0 oe 5.96 0.753 Se Ry 1.48 

10 9.78 =1.1 +2:2 Sane 0.817 50.7 1.05 

12 10.14 lee Dal aay 0.870 42.2 0.72 

14 10.47 IW 2.0 5.35 0.912 34.4 0.47 

16 10.75 1.4 1.9 5.20 0.944 BES 0.29 

18 10.99 1.4 1.8 5.09 0.967 20.9 Oul7 

20 lS: ~1.5 + 1:7 5.00 0.983 15.1 0.09 

22 11.36 1.6 1.6 4.92 0.992 10.0 0.04 

24 11.49 1.6 1.6 4.87 0.998 aed 0.01 

26 11.59 1.6 1.6 4.82 0.999 3.6 0.00 

28 11.67 IRS Ved 4.79 0.998 33) 0.01 

30 72 = 13 +1.8 4.77 0.995 8.4 0.03 
Oct. Z 11.74 = rl +2.0 4.76 0.990 11.6 0.05 


MERCURY, 1998 E57 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 
Date Sub-Earth Point Sub-Solar Point North Pole 
Long. Lat. Long. Dist. P.A. Dist. P.A. 
ie) ie) ie) NAT O° Ys fo} 

July 2 271.05 + 5.13 202.13 + 2.88 278.95 + 3.08 10.90 
4 280.23 5.42 207.21 3.04 280.69 ST 1232 
6 289.56 5.73 212.63 3.20 282.31 Bea 13.62 
8 299.04 6.04 218.35 3.34 283.84 B37) 14.81 
10 308.68 6.38 224.31 3.48 285.28 3.48 15.89 
12 318.48 + 6.72 230.49 + 3.62 286.64 + 3.60 16.86 
14 328.45 7.08 236.84 — 3.75 287.95 Bie eS 
16 338.60 7.45 243.34 3.86 289.20 3.85 18.50 
18 348.95 7.84 249.94 3.97 290.43 3.98 19.18 
20 359.51 8.24 256.62 4.06 291.65 4.12 19.76 
22 10.29 + 8.65 263.36 — 4.14 292.88 + 4.27 20.25 
24 DiS2 9.07 270.12 4.18 294.14 4.42 20.64 
26 32.62 9.49 276.89 4.19 295.49 4.58 20.93 
28 44.22 9.92 283.62 4.16 296.95 4.73 PMB 
30 56.13 10.33 290.30 4.06 298.61 4.89 Di 2M 
Aug. 1 68.39 + 10.73 296.90 — 3.89 300.56 + 5.04 AGA 
3 80.99 11.10 303.39 3.64 302.99 5.18 21.08 
5) 93.94 11.41 309.73 3.28 306.19 5.30 20.84 
7 107.23 11.66 315.90 2.81 310.77 5.39 20.50 
9 120.81 11.81 321.86 2.26 318.04 5.45 20.04 
Ul 134.62 + 11.85 327.57 — 1.68 B61e07 + 5.47 19.51 
13 148.55 NTE 332.97 1.21 358.12 5.43 18.92 
115) 162.49 11.56 338.04 ay 39.55 5155) 18.32 
17 176.30 iG 22 342.71 1.60 68.96 5.22 17.76 
19 189.87 10.78 346.94 2.19 83.48 5.04 17.30 
21 203.07 + 10.25 350.66 — 2.74 91.34 + 4.84 16.97 
23 215.83 9.68 353.83 3.18 96.27 4.60 16.82 
Ds 228.09 9.07 356.39 3.49 99.79 4.36 16.87 
Dy. 239.81 8.47 358.33 3.67 102.57 4.12 Ne 
29 251.00 7.89 359.64 aye 104.96 3.88 17.60 
31 261.68 + 7.34 0.35 — 3.65 107.15 + 3.66 18.25 
Sept 2 Dias] 6.83 0.54 + 3.48 109.23 3.45 19.06 
4 281.63 6.37 0.36 3.23 i eag Beit 19.99 
6 291.02 5.96 359.98 2.92 113.30 Bele 21.00 
8 300.10 5.59 359.60 De) S33 2.97 22.04 
10 308.96 + 5.26 359.43 + 2.21 117.41 + 2.85 23.08 
12 317.65 4.98 359.65 1.85 119.56 DAS) 24.06 
14 326.23 4.72 0.39 io 121.88 2.66 24.98 
16 334.76 4.49 1.73 1.19 124.53 2.59 25.80 
18 343.26 4.29 3.70 0.91 127.83 2.54 26.52 
20 351.78 + 4.10 6.30 + 0.65 132.51 + 2.49 27.14 
22 0.33 3.92 9.50 0.43 140.53 2.46 27.64 
24 8.92 3.76 13.25 0.24 158.79 2.43 28.03 
26 17.56 3.61 17.50 0.15 209.20 2.41 28.32 
28 26.26 3.46 22.20 0.22 258.24 2.39 28.50 
30 35.01 + 3.32 27.28 + 0.35 275.59 + 2.38 28.59 
Oct. D, 43.83 + 3.18 32.71 + 0.48 282.89 + 2.38 28.58 


ESS 


MERCURY, 1998 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 


Date Light-time | Magnitude = ies Diameter Phase aes Pe 
m " ° " 

Oct. 2 11.74 —1.1 +2.0 4.76 0.990 11.6 0.05 
4 11.75 1.0 2.1 4.76 0.984 14.6 0.08 

6 Wiley) 0.9 YD) 4.77 0.977 VES 0.11 

8 11.70 0.8 ES 4.78 0.969 20.2 0.15 

10 11.65 0.7 2.4 4.80 0.961 22.9 0.19 

12 11.58 — 0.6 +2.5 4.83 0.952 MS) 0.23 

14 11.49 0.5 2.6 4.87 0.942 27.9 0.28 

16 11.39 0.4 Qa 4.91 0.931 30.4 0.34 

18 27 0.4 2.7 4.96 0.920 32.9 0.40 

20 11.14 0.3 2.8 5.02 0.908 35.4 0.46 

22 10.99 — 03 +2.8 5.09 0.894 37.9 0.54 

24 10.82 0.3 2.9 Syall7 0.880 40.5 0.62 

26 10.63 0.3 2.9 5.26 0.864 43.3 0.71 

28 10.43 0.3 2.9 5.36 0.847 46.1 0.82 

30 10.22 0.2 3.0 5.48 0.827 49.1 0.95 
Nov. 1 9.98 —0.2 +3.0 5.60 0.805 52.4 1.09 
3) 9.73 OP 3.0 Sais} 0.781 55.9 1.26 

5 9.46 0.2 3.0 5.91 0.753 59.6 1.46 

i 9.17 0.2 Sail 6.10 0.721 63.8 1.70 

9 8.86 0.2 Sel! 6.31 0.684 68.4 1.99 

11 8.54 —0.2 +3.1 6.55 0.642 qos 2.34 

13 8.20 0.2 Sul 6.82 0.594 79.1 DUT 

15 7.85 0.1 3.2 lke, 0.539 85.5 3.29 

V7 7.48 — 0.0 Be) EAT 0.476 92.8 3.92 

19 TAD + 0.1 3.4 7.86 0.405 101.0 4.68 

| 6.76 + 0.4 +3.5 8.27 0.327 110.3 Seow 

23 6.43 0.8 Sua 8.70 0.244 120.8 6.58 

WS 6.13 1.4 3.9 9.13 0.161 (| Swaail 7.66 

Di 5.88 Mo) 4.2 9.51 0.086 145.8 8.69 

29 el GV) 44 9.79 0.030 160.1 9.50 

Dec 1 5.64 + 5.1 +3.3 9.91 0.003 174.3 9.89 
3 5.68 4.4 4.1 9.85 0.010 168.4 9.75 

5 5.82 2.9 43 9.62 0.052 153.6 9.12 

if 6.04 1.8 4.0 9.25 0.121 139.3 8.14 

9 6.34 1.0 Sul 8.82 0.205 126.1 7.01 

11 6.69 + 0.4 +3.5 8.36 0.295 114.2 5.89 

16) 7.07 + 0.1 ye) 7.91 0.383 103.5 4.88 

15 746 —0.1 Sholl 7.50 0.464 94.1 4.02 

17 GkESS 0.3 El Hele OMS? 85.8 3.30 

19 8.23 0.3 3.0 6.80 0.600 78.4 id 

2M 8.59 — 0.4 +3.0 6.51 0.655 71.9 DDS 

25 8.93 0.4 2.9 6.26 0.702 66.2 1.87 

25 9.26 0.4 2.9 6.04 0.742 61.0 1.56 

P| 9.56 0.4 2.9 5.85 0.776 56.4 asi 

29 9.85 0.4 2.9 5.68 0.806 Sy 5) 1.10 

Bil 10.11 — 0.4 +2.9 5.54 0.831 48.5 0.93 

Dec 333) 10.35 —0.4 +2.8 5.41 0.854 45.0 0.79 


MERCURY, 1998 ES9 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 
ae Sub-Earth Point Sub-Solar Point North Pole 
Long. Lat. Long. Dist. PA. Dist. P.A. 
re) ; {e) re) A O° uw re) 

Oct. 2) 43.83 + 3.18 B25) 1 + 0.48 282.89 + 2.38 28.58 
4 52.70 3.05 38.43 0.60 286.75 2.38 28.49 
6 61.63 2.91 44.40 OF2 289.06 2.38 28.31 
8 70.62 2.78 50.58 0.83 290.52 2.39 28.04 
10 79.65 2.65 56.93 0.93 291.45 2.40 27.10 
1, 88.74 + 2.51 63.43 + 1.04 292.02 + 2.41 27.28 
14 97.87 DBT 70.03 1.14 292.33 2.43 26.79 
16 107.05 2.24 76.72 1.24 292.44 2.45 26.23 
18 116.28 2.10 83.45 SS) 292.37 2.48 25.60 
20 125.55 1.96 90.22 1.45 292.17 DSi 24.91 
22 134.86 + 1.81 96.98 + 1.56 291.85 + 2.54 24.16 
24 144.22 1.66 103.71 1.68 291.41 2.58 ABO) 
26 153.63 151 110.39 1.80 290.89 2.63 22.48 
28 163.09 135 116.99 1.93 290.28 2.68 PAST 
30 172.60 1.18 123.48 2.07 289.60 2.74 20.62 
Nov. 1 182.18 + 1.01 129.82 + 2.22 288.85 + 2.80 19.63 
3 191.84 0.83 135.99 2.38 288.05 2.87 18.62 
5 201.58 0.64 141.94 RSS) 287.21 2.96 17.59 
7 211.44 0.44 147.64 2.74 286.34 3.05 16.57 
9 221.42 0.23 153.05 2.93 285.46 3.16 15.56 
11 PB ilen + 0.00 158.11 + 3.14 284.58 + 3.28 14.59 
13 241.92 — 0.25 162.78 3.35 283.73 — 3.41 13.69 
15 252.54 0.51 167.00 + 3.55 282.92 3.56 12.90 
17 263.48 0.81 170.71 — 3.73 282.19 3.74 12.24 
19 274.85 Pals 173.87 3.86 281.54 3.93 al 9 
21 286.72 — 1.49 176.43 — 3.88 280.98 — 4.13 WSs) 
WS) 299.21 1.87 178.36 3.74 280.47 4.35 11.61 
PES) 312.39 2.29 179.65 3.36 279.87 4.56 12.00 
27 326.29 2471 180.35 2.67 278.68 4.75 DAT 
29 340.84 Sy 418) 180.54 1.67 275.00 4.89 ETA 
Dec. 1 355.81 — 3.51 180.35 — 0.50 247-13 — 4.95 14.86 
3 10.89 3.82 179.97 0.99 125.10 4.92 16.02 
5 25.69 4.05 179.59 2.14 115.24 4.80 17.02 
7 39.93 4.20 179.43 3.02 112.68 4.62 17.78 
9 53.43 4.28 179.66 3.56 WES 7, 4.40 18.24 
11 66.17 — 432 180.41 — 3.81 110.35 — 4.17 18.42 
13 78.21 4.33 181.76 3.85 109.36 3.94 18.32 
ILS) 89.64 4.33 183.74 — 3.74 108.30 3.74 18.00 
17 100.59 4.33 186.35 + 3.55 107.16 B05: 17.49 
19 111.16 4.33 189.56 3.33 105.91 3.39 16.81 
msl 121.43 — 4,32 193.32 + 3.10 104.56 — 3.25 15.99 
23 131.46 4.33 197.57 2.86 103.11 Brl2 15.05 
25 141.32 4,33 202.28 2.64 101.57 3.01 14,00 
Di 151.05 4.34 207.37 2.44 99.94 2.92 12.85 
29 160.66 4.36 212.80 De 98.22 2.83 11.63 
31 170.20 — 4.38 218.52 + 2.07 96.42 — 2.76 10.33 
Dec. 38 179.66 — 4.40 224.49 + 1.91 94.53 — 2.70 8.96 


E60 


VENUS, 1998 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" DYNAMICAL TIME 


= 
Date Light-time | Magnitude Seen Diameter Phase ee Deter 
m " ° uw 
Jan. -1 2.54 —4.5 + 13 54.65 0.095 144.0 49.44 
3 2.41 4.5 ike 57.58 0.062 151.2 54.01 
7 eel 4.3 + 0.6 60.05 0.034 158.8 58.01 
11 205) 4.2 -0.1 61.77 0.014 166.3 60.89 
15 22e 4.1 1.1 62.51 0.005 Nee 62.18 
19 223 —4.1 — 0.6 62.14 0.008 169.7 61.64 
23 2.28 4.2 + 0.3 60.74 0.022 162.8 59.38 
27 Si), 4.4 0.9 58.49 0.046 155.2 55.79 
31 2.49 4.5 1.2 55.67 0.077 147.8 51.40 
Feb. 4 2.64 4.6 1.4 52.56 0.112 141.0 46.69 
8 2.81 — 4.6 + 1.5 49.36 0.148 134.7 42.04 
12 3.00 4.6 1.6 46.22 0.185 129.0 37.67 
16 3) 4.6 1.6 43.25 0.221 12329 33.69 
20 3.43 4.6 1.7 40.49 0.256 119.3 30.14 
24 3.66 4.6 iho 37:95 0.289 115.0 27.00 
28 3.89 — 4.6 eh. 7 35.65 0.320 111.1 24.24 
Mar. 4 4.14 4.6 1.6 33555 0.349 107.5 21.83 
8 4.38 4.5 1.6 31.65 0.377 104.2 19371 
wy 4.64 4.5 1.6 29193 0.404 101.1 17.85 
16 4.89 45 1.6 28.37 0.429 98.2 16.21 
20 Als: —44 + 1.6 26.94 0.452 955 14.76 
24 5.41 4.4 1.6 25.65 0.475 SV) 13.47 
28 5.67 4.4 1.5 24.47 0.496 90.4 12:32 
Apr. 1 5.93. 4.3 1.5 23.40 0.517 88.0 11.30 
5 6.19 4.3 1.5 22.41 0.537 85.8 10.38 
9 6.45 ~43 + 1.5 215i 0.556 83.6 0:55 
13 6.71 4.3 1.5 20.67 0.574 81.5 8.80 
17 6.97 4.2 1.4 19.90 0.592 79.4 8.13 
2 123 2 1.4 19:19 0.609 ohh TFSi 
25 7.49 4.2 1.4 18.53 0.625 Jy) 6.95 
29 7.74 —4.1 + 1.4 L792 0.641 TERS) 6.43 
May 3 8.00 4.1 1.4 17.35 0.657 71.8 5.96 
7 8.25 4.1 Its 16.83 0.672 69.9 55 
11 8.50 4.1 1.3 16.33 0.686 68.1 5.12 
15 8.74 4.1 ins) 15.87 0.700 66.4 4.76 
19 8.99 — 4.0 #13 15.44 0.714 64.6 4.41 
23 9.23 4.0 1.3 15.04 0.728 62.9 4.10 
27 9.46 4.0 2 14.67 0.741 61.2 3.80 
31 9.69 4.0 2 14.31 0.754 5955 6:53 
June 4 0192 4.0 2 13.98 0.766 57.8 3.27 
8 10.15 — 4.0 + 1.2 13.67 0.778 56.2 3.03 
12 10.37 4.0 1.2 13.38 0.790 54.5 2.81 
16 10.59 3) 1.1 13.11 0.802 oA) 2.60 
20 10.80 3.9 1.1 12.85 0.813 Si3 2.40 
24 11.00 59 1.1 12.61 0.824 49.6 222 
28 11.20 —3.9 Eeilial 12.39 0.835 48.0 2.05 
July 2 11.40 —3.9 #451 IDA 0.845 46.4 1.89 


VENUS, 1998 E61 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 
Sub-Earth Point Sub-Solar Point North Pole 
Date 1B 
Long. Lat. Long. Lat. Dist. PIA. Dist. P.A. 
fe) fe) ie) fe) ie) uw Oo ” ie) 
Jan. —1 211.10 316.13 — 1.59 100.28 —1.37 |—16.05 25392 — 27.31 347.85 
3 PNG Sys 321.19 OLS] 112.68 1.62 13.87 250.14 28.76 | 348.22 
7 224.06 325.61 3.58 125.08 1.85 10.87 244.30 29.96 | 348.80 
11 230.55 329.49 4.54 137.49 2.06 Tou 231.00 30.79 | 349.57 
15 237.04 333.04 5.41 149.91 203 4.49 192.78 Syl 350.47 
19 243.53 336.50 —6.11 162.33 —2.38 |— 5.55 136.76 — 30.89 | 351.40 
23 250.03 340.15 6.61 174.76 2.50 8.98 113.79 SOB ia 35227, 
27 256.52 344.21 6.89 187.19 2.59 LQeT 104.69 29.03 | 352.98 
31 263.02 348.86 6.98 199.62 2.64 14.82 99.86 27.63 | 353.48 
Feb. 4 269.51 354.15 6.91 212.04 2.66 16.54 96.66 26.09 | 353.72 
8 276.01 0.09 — 6.72 224.47 —2.65 |—17.53 94.20 — 24,51 353.71 
12 282.49 6.66 6.43 236.89 2.60 17.95 92.09 22.97 | 353.45 
16 288.98 13.79 6.08 249.30 De 17.95 90.14 21.50} 352.98 
20 295.46 21.42 5.68 261.71 2.40 17.66 88.29 20.14}. 352:31 
24 301.93 29.48 S27 274.11 226 LG/ 40) 86.47 18.90 | 351.50 
28 308.39 37.91 — 4.84 286.50 —2.09 |—16.62 84.68 —17.76| 350.56 
Mar. 4 314.85 46.64 4.40 298.88 1.89 16.00 82.90 16.73 | 349.52 
8 321.30 55.63 3.97 311.26 1.66 15.34 81.16 15.79 | 348.43 
12 SONS 64.85 3.55 323.62 1.42 14.68 79.44 14.94} 347.29 
16 334.16 74.25 3.14 335.97 1.16 14.04 el 14.16] 346.14 
20 340.58 83.83 — 2.75 348.31 —0.88 |—13.41 76.15 —13.46| 344.99 
24 346.99 93.54 RSY 0.64 0.60 12.81 74.59 12.82 | 343.88 
28 353.39 103.38 2.01 12.96 0.31 |—12.24 {EO D2235% 342280 
Apr. 1 359.78 jaisasil 1.67 2527) —0.01 |+ 11.69 TAS 11.69) 341.80 
5 6.16 123.34 1.35 B75] + 0.29 11.18 70.48 11.20} 340.86 
9 itesyet 133.44 — 1.06 49.86 + 0.58 |+ 10.69 69.32 —10.75 | 340.02 
13 18.90 143.61 0.78 62.14 0.86 10.22 68.28 10.33 | 339.27 
Ny 25.26 153.84 0.53 74.42 1.14 9.78 67.38 9.95 |} 338.63 
21 31.61 164.12 0.30 86.69 1.39 OM 66.61 9.59 |} 338.10 
25 37.95 174.45 —0.10 98.95 1.64 8.97 65.98 — 9.27 | 337.69 
29 44.28 184.82 + 0.09 silat + 1.86 |+ 8.60 65.50 + 8.96| 337.41 
May 5 50.62 195.22 0.25 123.47 2.06 8.24 65.16 8.68 | 337.25 
i 56.94 205.66 0.38 135.73 2.23 7.90 64.98 8.41 337n22 
11 63.27 PANN? 0.50 147.98 2.38 7.58 64.96 Sul 337782 
15 69.59 226.61 0.59 160.23 250 TF 65.09 1943) 38755 
19 75.91 237.12 + 0.67 172.49 +2.58 |+ 6.98 65.37 + Je12)| 337.92 
Db) 82.24 247.65 0.72 184.74 2.64 6.70 65.82 7.52| 338.41 
Da 88.56 Pps) | 0.76 197.00 2.66 6.43 66.43 TESS aie 33905 
31 94.89 268.78 0.78 209.26 2.65 6.17 67.19 TAG | 339381 
June 4 101.22 279.36 0.78 221.52 2.61 5.92 68.11 6.99 | 340.71 
8 L075 289.97 + 0.76 233.78 +2.54 |+ 5.68 69.19 + 6.84] 341.74 
12 113.89 300.58 0.74 246.05 2.43 5.45 70.43 6.69 | 342.89 
16 120.23 3121 0.70 258.33 2.30 S25) 71.82 6.55 344.17 
20 126.59 321.86 0.64 270.61 2.14 5.01 73.35 6.43 | 345.58 
24 132.95 Bay 0.58 282.89 1.95 4.80 75.04 6.31 347.10 
28 139.31 343.19 + 0.51 295.19 + 1.74 |4+ 4.60 76.85 + 6.19} 348.73 
July 2 145.69 353.87 + 0.44 307.49 +150 |+ 4.41 78.80 + 6.09} 350.45 


E62 


VENUS, 1998 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 


FOR 0" DYNAMICAL TIME 
T i | 
Date Light-time | Magnitude See Diameter Phase en pepe ate 
—— 
m " ° ” 

July 2 11.40 — 3.9 els 12.17 0.845 46.4 1.89 
6 11.59 Sy) 1.0 11.97 0.855 44.8 1.74 

10 11.78 ou) 1.0 79 0.865 43.2 1.59 

14 11.95 319 1.0 11.61 0.874 41.6 1.46 

18 12.13 319 1.0 11.44 0.883 40.0 1.34 

Dp 12229 — 3.9 + 1.0 11.29 0.892 38.4 1.22 

26 12.45 319 1.0 11.14 0.901 36.8 asst 

30 12.61 38 0.9 11.01 0.909 35.2 1.00 

Aug. 3 12.76 3) 0.9 10.88 0.917 33.6 0.91 
i 12.90 3.9 0.9 10.76 0.924 32.0 0.82 

11 13.03 — 3.9 + 0.9 10.65 0.931 30.4 0.73 

15 13.16 3:9 0.9 10.55 0.938 28.8 0.65 

19 13.28 3:9 0.9 10.45 0.945 27.2 0.58 

23 1B 39 3:9 0.8 10.36 0.951 250 0.51 

27 13.50 319 0.8 10.28 0.956 24.1 0.45 

31 13.60 — 3:9 + 0.8 10.21 0.962 22.5 0.39 

Sept. 4 13.69 3.9 0.8 10.14 0.967 21.0 0.34 
8 13.79); 39 0.8 10.07 0.971 19.4 0.29 

12 13.85 39 0.8 10.02 0.976 Be) 0.24 

16 18.92 312) 0.8 O97, 0.980 16.4 0.20 

20 13.99. —39 + 0.8 9.92 0.983 14.9 0.17 

24 14.05 39 0.8 9.88 0.986 13.4 0.13 

28 14.10 39 0.8 9.84 0.989 INO) 0.11 

Oct. 2 14.14 BC) 0.8 9.81 0.992 10.4 0.08 
6 14.18 39 0.8 O19 0.994 8.9 0.06 

10 14.21 —3.9 + 0.8 Sh ALT 0.996 uz 0.04 

14 14.23 2) 0.7 915 0.997 6.0 0.03 

18 14.25 3.9 0.7 9.74 0.998 4.6 0.02 

22 14.26 3.9 0.7 O78 0.999 3.3 0.01 

26 14.27 38 0.7 O73 1.000 2.1 0.00 

30 14.27 — 3.9 + 0.7 OF713 1.000 1.3 0.00 

Nov 3 14.26 3.9 0.7 O73. 1.000 a 0.00 
7 14.25 a9 0.8 9.74 0.999 2.9 0.01 

1] 14.23 39 0.8 OTS 0.999 4.1 0.01 

15 14.21 3.9 0.8 O87 0.998 5.5 0.02 

19 14.18 —3.9 + 0.8 9.79 0.997 6.8 0.03 

23 14.15 3.9 0.8 9.81 0.995 8.1 0.05 

20 14.11 319 0.8 9.84 0.993 9.4 0.07 

Dec I 14.06 39 0.8 9.87 0.991 10.8 0.09 
5 14.01 3 0.8 9.90 0.989 12.1 0.11 

9 13.96 — 3:9 + 0.8 9.94 0.986 13.4 0.14 

13 13.90 ao) 0.8 O99 0.984 14.7 0.16 

17 13.83 39 0.8 10.03 0.981 16.0 0.19 

21 13.76 319 0.8 10.08 0.977 17.3 0.23 

25 13.69 aio 0.8 10.14 0.974 18.6 0.27 

29 13.61 — oe + 0.8 10.20 0.970 1 0.31 

33 13:92 — 510 + 0.8 10.26 0.966 ND 0.35 


VENUS, 1998 E63 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 
Sub-Earth Point Sub-Solar Point North Pole 
Date Ls iz r 
Long. Lat. Long. Lat. Dist. P.A. Dist. P.A. 
° fo) ie) °O fe) Yt fe) MW fe) 
July 2. 145.69 353.87 + 0.44 307.49 +150 |+ 4.41 78.80 + 6.09} 350.45 
6 152.07 4.56 0.35 319.79 125 4.22 80.86 5.99 | 352.27 
10 158.47 Si 0.27 33251) 0.98 4.03 83.02 5.89} 354.16 
14 164.87 25.99 0.18 344.43 0.69 3.85 85.26 5.80} 356.11 
18 171.29 36.72 0.09 356.77 0.40 3.67 87.58 D2 lee sooLO 
Mp iW/rkahk 47.46 + 0.00 9.11 + 0.11 |/+ 3.50 89.95 + 5.64 0.12 
26 184.15 58.22 — 0.08 21.46 —0.19 338 92.36 — 5.57 2.15 
30 190.59 68.98 0.17 33.82 0.49 Sly 94.77 5.50 4.16 
Aug. 3 197.04 79.76 0.24 46.19 0.78 3.01 97.18 5.44 6.14 
i] 203.50 90.54 O32 58.57 1.06 DES) 99.56 5.38 8.06 
11 209.97 101.34 — 0.38 70.96 — 1.33 |+ 2.69 101.89 — 5.32 9.92 
15 216.44 WEIS) 0.44 83.36 1.58 D) By 104.17 5) 24) 11.69 
19 222.92 122.97 0.49 95.76 1.81 2.39 106.37 28 13.36 
23 229.41 133.80 0.53 108.17 2.02 2.24 108.48 5.18 14.92 
Di. 235.89 144.64 0.56 120.59 2.20 2.10 110.49 5.14 16.35 
31 242.39 155.49 — 0.58 133.01 —2.36 |+ 1.96 112.40 — 5.10 17.65 
Sept. 4 248.88 166.35 0.59 145.44 2.48 1.82 114.21 5.07 18.81 
8 255.38 ee 0.59 157.86 2.58 1.68 115.91 5.04 19.83 
12 261.87 188.09 0.58 170.29 2.64 1.54 117.50 5.01 20.70 
16 268.37 198.97 0.55 182.72 2.66 1.41 119.00 4.98 21.42 
20 274.86 209.87 —0.51 195.14 —2.65 |+ 1.27 120.42 — 4.96 21.99 
24 281.35 220.76 0.47 207.57 2.61 1.14 121.77 4.94 22.41 
28 287.83 231.67 0.41 219.98 BSS} 1.01 123.10 4.92 22.67 
Oct. 2 294.31 242.58 0.34 232.39 2.43 0.89 124.45 4.91 22.78 
6 300.79 253.49 0.26 244.79 2.29 0.76 125.91 4.89 22.74 
10 307.25 264.41 —0.18 257.19 —2.12 |+ 0.64 127.64 — 488 Desa 
14 SHS QD33 — 0.08 269.57 1.92 0.51 129.93 — 4.87 22.20 
18 320.16 286.26 + 0.01 281.95 ial 0.39 133.44 + 4.87 21.69 
22 326.60 297.20 0.12 294.31 1.47 0.28 139.81 4.86 21.04 
26 333.03 308.13 0.23 306.66 POA 0.17 154.56 4.86 20.23 
30 339.45 319.07 + 0.34 319.01 —0.93 |+ 0.11 196.31 + 4.86 19.27 
Noyisn 3 345.86 330.01 0.45 38i1k34 0.65 0.15 248.38 4.86 18.17 
i 352.27 340.96 0.57 343.66 0.36 0.24 268.03 4.87 16.91 
1] 358.66 351.90 0.68 355.97 — 0.06 0.35 275.20 4.87 15252 
is 5.04 2.85 0.79 Sea) + 0.23 0.46 278.16 4.88 13.99 
19 11.42 13.80 + 0.90 20.57 + 0.53 |+ 0.58 279.25 + 4.89 jae? 
23 17.78 24.75 1.00 32.85 0.81 0.69 279.31 4.90 10.54 
27 24.14 35.70 1.09 45.13 1.09 0.81 278.74 4.92 8.66 
Dec 1 30.49 46.65 1.18 57.40 L335) 0.92 AIAG IS) 4.93 6.69 
5 36.83 57.60 125 69.67 1.60 1.04 276.41 4.95 4.64 
9 43.17 68.55 + 1.32 81.93 + 1.82 |+ 1.15 274.86 + 4.97 SS) 
13 49.50 79.50 1.38 94.19 2.02 soe DHSS) 4.99 0.42 
17 55.83 90.45 1.42 106.45 220) 1.38 27M. 83 5.01 358.29 
21 62.16 101.40 1.45 118.70 2.35 1.50 269.43 5.04} 356.18 
3) 68.48 112.35 1.47 130.95 2.48 1.62 267.51 OTe So4110 
29 74.80 123.29 + 1.47 143.21 +2.57 |+ 1.74 265.58 + 5.10} 352.09 
333) 81.13 134.23 + 1.45 155.46 + 2.63 |+ 1.86 263.69 Hamodisy) SOOT 


E64 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 


MARS, 1998 


Diameter 
’ ‘ ' Surface Phase Defect of 
Day Pe abtiinre 1 Magritte Brightness Eq. Pol. me Angle | Illumination 
m ” ” ° "Wl 

Jan. —1 ete +1.2 +4.] 4.39 4.37 0.965 21.4 0.15 
3 17.82 eo 4.1 4.37 4.35 0.967 20.8 0.14 

7 17.93 12 4.1 4.34 4.32 0.969 20.2 0.13 

11 18.04 1.2 4.1 4.31 4.30 0.971 19.6 0.12 

15 18.14 2 4.0 4.29 4.27 0.973 19.0 0.12 

19 18.25 +1.2 +4.0 ANT 4.25 0.975 18.4 0.11 

23 18.35 ily 4.0 4.24 4.22 0.976 ICH 0.10 

27 18.46 12 4.0 4.22 4.20 0.978 jeg 0.09 

31 18.56 2 4.0 4.19 4.18 0.979 16.5 0.09 

Feb. 4 18.66 il? 4.0 Aaa 4.15 0.981 15.9 0.08 
8 18.76 +1.2 +4.0 4.15 4.13 0.982 TZ 0.07 

12 18.86 1 4.0 4.13 4.11 0.984 14.6 0.07 

16 18.96 jhe 4.0 4.10 4.09 0.985 14.0 0.06 

20 19.06 2, 4.0 4.08 4.07 0.986 3S 0.06 

24 19.16 1 4.0 4.06 4.04 0.988 17 0.05 

28 19.26 +1.2 +4.0 4.04 4.02 0.989 jeg 0.04 

Mar. 4 19.35 ile 4.0 4.02 4.00 0.990 11.4 0.04 
8 19.45 12) 4.0 4.00 3.99 0.991 10.8 0.04 

12 19.54 hp 4.0 3.98 3.97 0.992 10.1 0.03 

16 19.63 12; 4.0 3.96 3.95 0.993 9.5 0.03 

20 19.72 POST 1:3 +4.0 3.95 3.93 0.994 8.9 0.02 

24 19.81 es 4.0 3.93 3.91 0.995 8.2 0.02 

28 19.89 1S 4.0 3.91 3.90 0.996 7.6 0.02 

Apr. 1 19.98 13 3.9 3.90 3.88 0.996 6.9 0.01 
5 20.06 1e3 3.9 3.88 3.86 0.997 6.2 0.01 

9 20.14 +1.3 +3.9 3.86 3.85 0.998 5.6 0.01 

13 20.21 163 3.9 3.85 3.83 0.998 4.9 0.01 

17 20.29 13 3.9 3.84 3.82 0.999 43 0.01 

pH 20.36 113) 3.9 Brod 3.81 0.999 3.6 0.00 

25 20.43 eS 3.9 3.81 3.79 0.999 3.0 0.00 

29 20.49 +1.3 +3.9 3.80 3.78 1.000 2.3 0.00 

May 3 20.55 |e) 3.9 3.79 sl 1.000 1.6 0.00 
H/ 20.61 is 3.9 3.78 3.76 1.000 1.0 0.00 

1] 20.66 1.3 3.9 ea al aS 1.000 0.3 0.00 

ils) 20.71 1g! 3.9 3.76 3.74 1.000 0.4 0.00 

19 20.76 +13 +3.9 Sls As} 1.000 1.0 0.00 

23 20.80 1.4 4.0 Syke Swf 1.000 ile, 0.00 

OF 20.83 1.4 4.0 3.74 Swe? 1.000 2.4 0.00 

31 20.86 1.4 4.0 Sibu) Seif 0.999 3.0 0.00 

June 4 20.89 1.4 4.0 SHS Sal 0.999 Shi 0.00 
8 20.91 +1.4 +4.0 Shyflee 3.70 0.999 44 0.01 

12 20.93 IF 4.1 SIP 3.70 0.998 5.1 0.01 

16 20.94 les 4.1 Neb 3.70 0.997 5.8 0.01 

20 20.94 i 4.1 BPA S30) 0.997 6.4 0.01 

24 20.94 RS 4.1 Syeihhe 3.70 0.996 Tan 0.01 

28 20.94 +1.5 +4.1 Saf? 3.70 0.995 78 0.02 

July 2 20.92 +1.6 +4.1 SRD? 3.70 0.995 8.5 0.02 


MARS, 1998 E65 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 
Sub-Earth Point Sub-Solar Point North Pole 
Date bs 
Long. Lat. Long. Lat. Dist. VEN Dist. P.A. 
ie) re) ce) 0 re) Wt re) V1 Oo 
Jan. —1 245.59 99.61 — 18.04 77.34 | —23.02 | + 0.80 256.54 — 2.08 3.62 
3 248.13 60.01 19.06 38.17 23.48 0.78 255108: 2.06 1.61 
i. 250.67 20.37 20.03 358.98 23.90 0.75 254.79. 2.03 359.59 
11 2532) 340.70 20.95 319.78 24.27 0.72 253.96 2.01 Shy oui 
15 250.15 300.98 21.80 280.56 24.59 0.70 Qo sie7 LE98U ig 355255 
19 258.28 261.22 — 22.58 241.33 | —24.86 | + 0.67 25255 — 1.96 | 353.53 
23 260.82 221.43 23.29 202.09 25.08 0.65 251.90 194s hesoles2 
27 263.35 181.61 23.93 162.85 25.24 0.62 251.34 1.92 | 349.53 
31 265.88 141.75 24.50 123.60 2535 0.60 250.83 1.90 | 347.56 
Feb. 4 268.40 101.88 24.99 84.36 25.41 0.57 250.38 1.88 | 345.62 
8 270.92 61.98 — 25.39 45.12 |—25.42 |}+ 0.54 250.00 — 1.87 | 343.70 
12 273.43 22.06 25.71 5.89 DOIOT, 0.52 249.67 1.85 | 341.83 
16 275.93 342.14 25.95 326.67 25.28 0.50 249.41 1.84 | 340.00 
20 278.42 302.21 26.11 287.47 25513 0.47 249.20 eSShiieso oe 
24 280.91 262.28 26.18 248.28 24.93 0.45 249.06 SZ ees S Grol 
28 283.39 222.36 — 26.16 209.12 |—24.69|+ 0.42 248.97 — 1.81 334.85 
Mar. 4 285.85 182.45 26.07 169.97 24.39 0.40 248.95 1S ONe SaSem 
8 288.31 142.57 25.89 130.85 24.06 0.37 248.98 lef 9) ie SS, 
12 290.75 102.70 25.62 91.76 23.67 0.35 249.06 179) 14 330135 
16 293.19 62.86 25.28 52.70 23.25 0.33 249.21 1.79 | 329.02 
20 295.61 23.06 — 24.87 13.67 | —22.78 | + 0.30 249.40 — 1.78 | 327.79 
24 298.02 343.29 24.38 334.67 22.28 0.28 249.66 1.78 | 326.66 
28 300.42 303.56 23.82 295.70 21.74 0.26 249.96 1578) ee 325.62 
Apr. l 302.80 263.88 23.19 256.76 21.16 0.23 250.31 1.78 | 324.70 
5 305317 224.24 22.50 217.86 20.56 0:21 250.72 1.79 | 323.88 
9 307.52 184.64 — 21.76 179.00 |—19.92 }+ 0.19 2M — 1.79 | 323.18 
13 309.86 145.10 20.95 140.16 19.25 0.17 251.66 e719 eo2208 
17 312.19 105.60 20.09 101.37 18.56 0.14 252.19 1.79 | 322.10 
21 314.50 66.15 19.19 62.60 17.85 0.12 2215 eSOn me olevS 
25 316.80 26.75 18.24 23.87 7a 0.10 253:33. 1.80 | 321.48 
29 319.08 347.39 — 17.25 345.18 |—16.35 | + 0.08 253.89 — 1.81 321.33 
May 3 32135 308.08 16.22 306.52 1Sio7. 0.05 254.35 1.81 321.30 
7 323.60 268.81 15.16 267.89 14.78 0.03 254.43 1.81 321.38 
11 325.84 229.58 14.07 229.29 13.97 0.01 D588 IES2ie 32156 
15 328.06 190.40 12.96 190.72 1S ale) 0.01 82.81 1.82 | 321.84 
19 330.26 1S 25 — 11.82 152.18 |—12.31 |} + 0.03 80.64 — 1.83 32223 
23 332.45 112.14 10.66 113.67 11.47 0.06 80.95 1283) 322-71 
27 334.63 73.06 9.48 75.19 10.62 0.08 81.66 1.83 | 323.29 
31 336.79 34.02 8.29 36.73 9.76 0.10 82.53 1.84 | 323.96 
June 4 338.93 355.00 7.09 358.30 8.89 0.12 83.49 1.84 | 324.71 
8 341.06 316.01 — 5.89 319.89 |}— 8.02 |+ 0.14 84.50 — 1.84 | 325.55 
12 343.18 277.04 4.67 281.51 IND 0.16 85.55 1.84 | 326.46 
16 345.28 238.10 3.46 243.15 6.27 0.19 86.63 1.85 | 327.45 
20 347.37 199.17 2.24 204.81 5.40 0.21 87.73 1.85 328.51 
24 349.44 160.26 — 1.03 166.48 4.52 0.23 88.85 — 1.85 329.64 
28 351.50 12137 + 0.18 128.18 |— 3.64 /]+ 0.25 89.98 + 18 330.82 
July yy 353.55 82.48 + 1.39 89.90 |— 2.77 | + 0.27 91.11 + 1.85 332.06 


E66 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 


MARS, 1998 


Diameter 
: ; : Surface Phase Defect of 
Teale) | tigate, | SMlagnitde "lieBrighiness ||| gaged |) pRell Phase | Angle | Illumination 
m " " ° " 

July 2 20.92 +1.6 +4.1 3.72 3.70 0.995 8.5 0.02 
6 20.90 1.6 42 3.72 3.70 0.994 2 0.02 

10 20.88 1.6 42 BMS Beil 0.993 9.8 0.03 

14 20.85 1.6 4.2 3173 Sil 0.992 10.5 0.03 

18 20.81 1.6 42 3.74 Bae 0.990 Ee 0.04 

2D 20.76 +1.6 +42 3.75 B48 0.989 11.9 0.04 

26 20.71 1.6 42 3.76 3.74 0.988 12.6 0.05 

30 20.65 7 43 Sui S75) 0.987 1333 0.05 

Aug. 3 20.58 ia 43 3.78 3.76 0.985 14.0 0.06 
i 20.50 7 43 3.80 3.78 0.984 14.6 0.06 

11 20.42 +1.7 +43 3.81 3.79 0.982 153 0.07 

15 20.33 1 4.3 3.83 3.8] 0.981 16.0 0.07 

19 20.23 ed 43 3.85 3.83 0.979 16.7 0.08 

23 20.13 17 43 3.87 3.85 0.977 17.4 0.09 

27 20.01 17 4.4 3.89 3.87 0.975 18.1 0.10 

31 19.89 +1.7 +44 3.91 3.89 0.973 18.8 0.10 

Sept. 4 19.76 Neal 4.4 3.94 3.92 0.971 19.4 0.11 
8 19.62 lod 4.4 3.97 3.95 0.969 20.1 0.12 

1 19.47 1.7 44 4.00 3.98 0.967 20.8 0.13 

16 19.32 Le; 44 4.03 4.01 0.965 QS 0.14 

20 19.16 +1.7 +4.4 4.06 4.04 0.963 222 0.15 

24 18.98 jit 4.5 4.10 4.08 0.961 22.8 0.16 

28 18.80 La 4.5 4.14 4.12 0.959 235 0.17 

Oct. 2 18.62 a7 4.5 4.18 4.16 0.956 24.1 0.18 
6 18.42 1.7 4.5 4.22 4.21 0.954 24.8 0.19 

10 18.22 +1.7 +45 4.27 4.25 0.952 25.4 0.21 

14 18.00 a7 4.5 4.32 4.30 0.949 26.1 0.22 

18 17.78 1.6 45 4.38 4.36 0.947 26.7 0.23 

DY 17.56 1.6 4.5 4.43 4.41 0.944 27.3 0.25 

26 aoe 1.6 45 4.49 4.47 0.942 28.0 0.26 

30 17.08 +1.6 +4.6 4.56 4.54 0.939 28.6 0.28 

Nov. 3 16.83 1.6 4.6 4.63 4.61 0) 937 29.2 0.29 
7 16.57 1.6 4.6 4.70 4.68 0.934 29.7 0.31 

11 16.30 ile) 4.6 4.77 4.75 0.932 30.3 0.33 

15 16.03 ILS; 4.6 4.85 4.83 0.929 30.9 0.34 

19 15:75 +15 +4.6 4.94 4.92 0.927 31.4 0.36 

2B 15.47 1.4 4.6 5.03 5.01 0.924 31.9 0.38 

By 15.18 1.4 4.6 518 5.11 0.922 32.4 0.40 

Dec. | 14.88 1.4 4.6 523 VA 0.920 32.9 0.42 
5 14.57 1.3 4.6 5.34 SES 0.917 33.4 0.44 

9 14.27 +1.3 +4.6 5.45 5.43 0.915 33.8 0.46 

13 13.95 1S 4.6 5.58 5.55 0.913 34.2 0.48 

17 13.64 1.2 4.6 Sih 5.68 0.911 34.6 0.51 

21 13csil Led, 4.6 5.85 5.82 0.910 550) 0.53 

25 12.99 lal 4.6 5.99 5.97 0.908 B53 0.55 

29 12.66 +1.1 +4.6 6.15 6.12 0.907 35.6 0.57 

33 12533 +1.0 +4.6 6.31 0.905 35.8 0.60 


MARS, 1998 E67 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 
Sub-Earth Point Sub-Solar Point North Pole 
Date ee 
Long. Lat. Long. Lat. Dist. P.A. Dist. PUAG 
ce) re) fe} ° fe} fr ie) i ie} 
July 2: 358.55) 82.48 + 1.39 89.90 |— 2.77 | + 0.27 91.11 + 1.85 | 332.06 
6 355.58 43.61 2.58 51.63 1.90 0.30 92.25 850 333.45 
10 357.60 4.75 3.76 13.37 1.03 0.32 93.38 1.85 | 334.69 
14 359.60 325.89 4.93 335.14 |— 0.17 0.34 94.50 1.85 336.07 
18 1.59 287.03 6.09 296.91 |+ 0.69 0.36 95.62 1.85 337.49 
22 B57 248.18 eB 1/9153 258.70 |+ 1.54 |}+ 0.39 96.72 + 1.85 | 338.95 
26 5.54 209.33 8.35 220.49 2.38 0.41 97.80 1.85 | 340.43 
30 7.50 170.47 9.45 182.30 3.22 0.43 98.87 1.85 | 341.95 
Aug. 3 9.44 131.61 10.52 144.12 4.05 0.46 99.91 1.85 | 343.49 
7 11.38 92.75 LES i 105.95 4.87 0.48 100.92 1.85 | 345.04 
11 13.30 53.88 + 12.59 67.78 |+ 5.68 | + 0.50 101.90 + 1.85 | 346.62 
15 15.24 15.00 13.59 29.62 6.48 0.53 102.86 1.85 348.21 
19 PVE 336.11 14.56 351.47 WAT) 0.55 103.78 1.85 | 349.81 
23 19.00 297.21 15.49 B13.32 8.05 0.58 104.67 1.854) 351.43 
27 20.89 258.31 16.39 275.18 8.82 0.60 105.52 1.86 | 353.05 
Bil 22.76 219.39 + 17.25 237.04 |+ 9.57 | + 0.63 106.34 + 1.86 | 354.67 
Sept 4 24.62 180.47 18.08 198.90 10.32 0.66 107.12: 1.86 | 356.30 
8 26.48 141.53 18.87 160.76 11.05 0.68 107.85 V8 | 357292 
12 28.32 102.58 19.62 122.63 ME a 0.71 108.55 LS) 35955 
16 30.16 63.62 20.33 84.50 12.47 0.74 109.21 1.88 eG 
20 31.99 24.65 + 21.00 46.36 |+ 13.16 |+ 0.77 109.83 + 1.89 2.78 
24 33.81 345.67 21.62 8.23 13.84 0.79 110.41 1.90 4.39 
28 35.63 306.68 22.19 330.10 14.50 0.82 110.94 1.91 5.98 
Oct. 2 37.44 267.69 DTD 291.96 S15) 0.85 111.44 1.92 7.56 
6 39.24 228.69 232i) 253.82 15.78 0.89 111.89 1.93 9.13 
10 41.04 189.69 + 23.64 215.68 |+ 16.39 | + 0.92 123i + 1.95 10.67 
14 42.83 150.69 24.03 177.54 16.99 0.95 112.68 1.97 12.20 
18 44.62 111.68 24.37 139.39 Nes 0.98 113.01 1.99 13.70 
22 46.40 72.68 24.66 101.24 18.13 1.02 113330 2.01 15.18 
26 48.18 33.69 24.90 63.08 18.67 1.05 113.56 2.03 16.63 
30 49.95 354.70 + 25.08 24.92 |+ 19.20 |} + 1.09 113.78 + 2.06 18.04 
Nov. 3 S72 35.768 D8 346.75 19.71 Te) 113.95 2.09 19.42 
7 53.48 DOM) 25.32 308.58 20.20 JG 114.09 AMD 20.77 
11 55.24 237.82 25.36 270.40 20.66 1.20 114.19 PS) 22.07 
15 57.00 198.90 25.36 23222 Qi 1.24 114.26 2.19 23.34 
19 58.75 160.00 + 25.31 194.03 |+21.54 | + 1.29 114.28 + 228 24.55 
23 60.51 12 Ne: 25) 155.84 21.95 133 114.28 7 MSyas 
27 62.26 82.28 25.07 Wi Wes} 22.34 less 114.23 2183| 26.85 
Dec: 1 64.01 43.47 24.89 79.42 2296, 1.42 114.16 2.36 27.92 
5 65.76 4.69 24.67 41.21 22105 1.47 114.05 2.42 28.93 
9 67.50 325.95 + 24.41 DOS | 4928537 te hs 113.91 + 2.48 29.90 
il 69.25 287.25 24.11 324.76 23.67 lessy/, 113.74 2.54 30.80 
17 70.99 248.60 23.78 286.52 23.95 1.62 113.54 2.60 31.66 
21 72.74 209.99 23.42 248.28 24.21 1.67 Piss? 2560) 32.45 
25 74.49 171.43 23.03 210.03 24.44 3} 113.06 DIS 33.18 
29 76.23 132.93 + 22.62 171.77 |+ 24.65 | + 1.79 112.78 + 2.83 33.86 
83 77.98 94.48 + 22.18 133.51 |+ 24.83 | + 1.85 112.48 + 2.91 34.49 


E68 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 


JUPITER, 1998 


FOR 0° DYNAMICAL TIME 


Diameter 
: : ; Surface Phase Defect of 
oat Bishe time op Magnitud: Brightness Eq. Pol Angle Illumination 
T 
m " " ° " 

Jan. -1 47.31 —2.1 + 5.3 34.61 32.37 7.8 0.16 
3 47.66 2.1 53 34.36 32.13 73 0.14 

Wl 47.98 Dal 5.3 34.13 31.92 6.8 0.12 

11 48.28 2.0 5. 33.92 31.72 6.3 0.10 

Ss 48.56 2.0 5.3) S502 31.54 Si 0.08 

19 48.81 — 2.0 +53 33.55 3.38 52 0.07 

28 49.03 2.0 SS) 33.40 31.23 4.6 0.05 

27 49.23 2.0 Susi 33.26 31.10 4.1 0.04 

Sil 49.41 2.0 5.3 33.14 30.99 35) 0.03 

Feb. 4 49.55 2.0 58) 33.04 30.90 2.9 0.02 
8 49.67 —2.0 +5.2 32.97 30.83 23 0.01 

1) 49.76 2.0 2 32.90 30.77 1a 0.01 

16 49.83 2.0 52) 32.86 30.73 al 0.00 

20 49.86 2.0 5.2 32.84 30.71 0.5 0.00 

24 49.87 2.0 52) 32.83 30.70 0.2 0.00 

28 49.86 —2.0 +5.2 32.84 30.72 0.7 0.00 

Mar. 4 49.81 2.0 Sy 32.87 30.74 1.3 0.00 
8 49.73 2.0 52. 32.92 30.79 1.9 0.01 

12 49.63 2.0 Si 32.99 30.85 2.5 0.02 

16 49.51 2.0 a2 33.08 30.93 341 0.02 

20 49 35 — 2.0 + 5.2 33.18 31.03 3a 0.03 

24 49.17 2.0 5.3 33.30 31.14 42 0.05 

28 48.97 2.0 33 33.44 31.27 4.8 0.06 

Apr. 1 48.74 2.0 53 33.60 31.42 5.4 0.07 
5 48.48 2.0 5.3 B37 31.59 5.9 0.09 

9 48.21 —2.1 +53 33.97 31.77 6.4 0.11 

13 47.90 Del 548) 34.18 31.97 6.9 0.13 

sy) 47.58 2.1 53 34.41 32.18 aie! 0.14 

21 47.24 Qu S53 34.66 32.42 7.9 0.16 

25 46.87 2.1 Sy) 34.93 32.67 8.4 0.19 

29 46.49 —2.1 +53 BS 22 32.94 8.8 0.21 

May 3 46.09 2.1 S\i5) 35.53 33°23 9.2 0.23 
il 45.67 ND) 3 35.85 Sips! 9.6 0.25 

11 45.24 DD, 5.3 36.20 33.85 10.0 0.27 

15 44.79 I) 5.3 36.56 34.19 10.3 0.29 

19 44.33 —2.2 +53 36.94 34.55 10.6 0.32 

23 43.85 Dues D3 37.34 34.92 10.9 0.34 

Dil Ooi 2S 5.3 37.76 35.30 11.1 0.35 

31 42.87 ap6) 5.3 38.19 35.72 Lis 0.37 

June 4 42.37 pas 5.3 38.65 36.14 11.5 0.39 
8 41.86 —2.3 + 53 39.11 36.58 11.6 0.40 

12 41.35 2.4 5.3 39.60 37.04 keg 0.41 

16 40.84 2.4 5.3 40.10 37.0 11.8 0.42 

20 40.32 2.4 2.3 40.61 37.98 11.8 0.43 

24 39.81 2S 5.3 41.14 38.47 Ley 0.43 

28 39.29 —2.5 + 5.3 41.67 38.97 11.6 0.43 

July 2 38.79 —2.5 +53 42.22 39.48 Ub) 0.42 


JUPITER, 1998 E69 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 
Sub-Earth Point Sub-Solar Point North Pole 
Date Ibs 
Long. Lat. Long. Lat. Dist. P.A. Dist. PEAS 
fe) fe) ie) O° ie) Wt O° Wt fo) 
Jan. —1 12.38 5.11 + 0.30 85707 + 0.77 | + 2.33 252.02 + 16.18} 338.97 
3 12.74 246.21 0.33 238.95 0.79 2.18 251.93 16.07 | 338.76 
7 13.10 NAUES)\ 0.37 120.54 0.81 2.01 251.86 15.96 | 338.56 
11 13.45 8.40 0.40 2.14 0.83 1.85 251.81 15.86 | 338.35 
115) 13.81 249.49 0.44 243.77 0.85 1.69 251.78 [Stale 338alo 
19 14.17 130.58 + 0.48 125.40 + 0.87 | + 1.52 251.79 + 15.69] 337.95 
23 14.52 11.68 0.52 7.05 0.90 135, 251.85 15.61 339815 
Pal 14.88 252.78 0.56 248.72 0.92 1.18 251.98 155ml 3376 
31 15124 133.88 0.60 130.40 0.94 1.01 DD 15505) 33768m 
Feb. 4 15.60 15.00 0.64 12.10 0.96 0.84 252.63 15.45) 337.18 
8 15.95 256.12 + 0.69 253.81 + 0.98 | + 0.67 253335 + 15.41 337.00 
12 16.31 137.25 0.73 135.54 1.00 0.49 254.69 15.39 | 336.82 
16 16.67 18.40 0.78 17.29 1.02 0.32 257.64 15.37 | 336.65 
20 17.03 259.56 0.82 259.06 1.05 0.15 267.49 [5:3 5a S048 
24 17.39 140.73 0.87 140.84 1.07 0.06 022 LSss5ae 33685 
28 1775 21.93 + 0.92 22.63 + 1.09 | + 0.21 54.35 + 15.36} 336.17 
Mar. 4 18.10 263.14 0.97 264.45 1.11 0.38 60.58 15.37 | 336.03 
8 18.46 144.37 1.02 146.28 1.13 0.55 62.85 15.39 | 335.89 
12 18.82 25.62 1.06 28.12 ENS) 0.72 63.98 [S424 3350/6 
16 19.18 266.89 jal 269.99 sly 0.89 64.63 15.46 | 335.63 
20 19.54 148.19 + 1.16 151.87 + 1.19 | + 1.06 65.04 + 15.51 335.52 
24 19.90 29.51 Neos 33.76 eit 1.23 65.32 Isa) 335141 
28 20.26 270.85 1.26 275.67 1.24 1.40 65.51 [5263H') 3385230 
Apr. 1 20.62 152.23 1.31 157.59 1.26 157 65.65 15.71 3351211 
5) 20.98 33.62 1.36 39.53 1.28 1.74 65.75 ISE/9Al) 335e12 
9 21.34 275.05 + 1.41 281.48 + 1.30 | + 1.90 65.82 + 15.88] 335.04 
13 21.70 156.51 1.46 163.45 1232 2.07 65.88 15.98 | 334.96 
17 22.06 37.99 esl 45.43 1.34 223 65.93 16.09 | 334.89 
21 22.42 279.51 1.56 287.42 1.36 2.39 65.97 16.20 | 334.83 
25 22.78 161.06 1.60 169.42 1.38 2.54 66.01 16.33 | 334.78 
29 23.14 42.64 + 1.65 51.44 + 1.40 | + 2.69 66.04 + 16.46] 334.73 
May 3 23.50 284.25 1.70 293.47 1.42 2.84 66.07 16.61 334.68 
7 23.86 165.90 eS 175.50 1.44 2.99 66.10 16.76 | 334.65 
11 DADE 47.59 1.79 57855 1.46 By IS) 66.13 16.92 | 334.61 
15 24.58 289.31 1.84 299.60 1.48 320, 66.17 17.09 | 334.58 
19 24.94 171.07 + 1.88 181.67 + 1.51 | + 3.40 66.21 + 17/276|| 334856 
23 25.30 52.87 1.93 63.74 158 3152 66.24 17.45 | 334.54 
Oi, 25.66 294.70 1.97 305.81 1.55 3.64 66.29 lion) 33452 
31 26.03 176.58 2.01 187.90 OW, SHS 66.33 17.85 | 334.51 
June 4 26.39 58.50 2.06 69.98 1.59 3.85 66.38 18.06 | 334.50 
8 26.75 300.46 + 2.10 312.07 + 1.61 | + 3.94 66.43 + 18.28 | 334.49 
12 Dit We 182.46 2.14 194.16 1.63 4.02 66.49 18.51 334.49 
16 27.47 64.50 DG 76.26 1.65 4.09 66.55 18.74 | 334.48 
20 27.83 306.59 221 318.35 1.67 4.14 66.62 18.98 | 334.48 
24 28.20 188.72 2.25 200.44 1.69 4.18 66.69 19.22) 334.48 
28 28.56 70.90 + 2.28 82.54 + 1.71 | + 4.20 66.76 + 19.47) 334.48 
July 2 28.92 BW? 273) 324.62 + 1.73 | + 4.21 66.84 + 19.73] 334.48 


E70 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 


JUPITER, 1998 


FOR 0° DYNAMICAL TIME 


Diameter 
. : : Surface Phase Defect of 
Date Light-time- | Magnitude Brightness Eq. Pol. Angle Illumination 
m ” " ° ” 
July 2 38.79 —2.5 +53 42.22 39.48 11.5 0.42 
6 38.29 2.5 53 42.77 40.00 ies 0.42 
10 37.80 2.6 513 43.32 40.52 | 0.40 
14 37.32 2.6 5.3 43.88 41.04 10.8 0.39 
18 36.85 2.6 33 44.43 41.56 10.5 0.37 
22 36.40 —2. +53 44.98 42.07 10.1 0.35 
26 35.97 Pel Dia6) 45.52 42.57 9.6 0.32 
30 35.56 Da 5.3 46.05 43.07 9.1 0.29 
Aug. 3 35.17 Dal 5.3 46.56 43.54 8.6 0.26 
7 34.81 2.8 53 47.04 44.00 8.0 0.23 
11 34.47 —2.8 +53 47.50 44.43 7.4 0.20 
15 34.16 2.8 52 47.93 44.83 6.7 0.16 
19 33.89 2.8 52 48.32 45.19 6.0 0.13 
23 33.64 2.9 a2 48.67 45.52 5.2 0.10 
Dy 33.44 2.9 52 48.97 45.80 4.4 0.07 
31 33.26 —2.9 +52 49.23 46.04 3.6 0.05 
Sept. 4 $313 2.9 5.2 49.43 46.23 2 i 0.03 
8 33.03 2.9 5.2 49.57 46.36 1.8 0.01 
12 32.98 2.9 52 49.66 46.44 1.0 0.00 
16 32.96 2.9 5.2 49.68 46.47 0.3 0.00 
20 32.98> —2.9 +5.2 49.65 46.43 0.9 0.00 
24 33.05 2.9 5:2 49.55 46.35 1.8 0.01 
28 33 IS 2.9 5.2 49.40 46.20 2.7 0.03 
Oct. 2 33.29 2.9 5:2 49.19 46.00 35 0.05 
6 33.47 2.9 5.2 48.92 45.75 43 0.07 
10 33.69 -—2.9 + 5.2 48.61 45.46 Sal 0.10 
14 33.94 2.8 5:2 48.24 45.12 5.9 0.13 
18 34.23 2.8 5.2 47.84 44.74 6.6 0.16 
22 34.55 2.8 5:2 47.40 44 33 73 0.19 
26 34.90 2.8 5.2 46.92 43.89 7.9 0.23 
30 35.27 —2.7 +53 46.42 43.42 8.5 0.26 
Nov 3 35.68 2H. 53 45.90 42.93 9.1 0.29 
7 36.10 DY) 5.3 45.36 42.42 9.5 0.31 
36.55 247 5.3 44.80 41.90 10.0 0.34 
5 37.01 2.6 5.3 44.24 41.38 10.3 0.36 
19 37.49 —2.6 5.3 43.67 40.85 10.7 0.38 
23 37.99 2.6 53 43.11 40.31 10.9 0.39 
my} 38.49 25 5,3 42.54 39.78 11.1 0.40 
Dec 1 39.01 2.5 5.3 41.98 39.26 11.3 0.41 
5 39.53 26 5:3 41.43 38.74 11.4 0.41 
9 40.05 —2.5 +53 40.89 38.24 11.4 0.41 
13 40.58 2.4 &.3 40.36 37.74 Ws 0.40 
17 41.10 2.4 5.3 39.84 37.26 11.4 0.39 
21 41.62 2.4 5.3 39.34 36.79 L118 0.38 
25 42.14 2.3 D3 38.86 36.34 he 0.37 
29 42.65 —23 + 5.3 38.39 35.91 11.0 0.35 
33 43.15 — 2.3 +53 37.94 35.49 10.8 0.34 


JUPITER, 1998 E71 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 
Sub-Earth Point Sub-Solar Point North Pole 
Date ib 
Long. Lat. Long Lat. Dist. P.A. Dist. P.A. 
° ° fe) ° Co) tf fo) 1 fo) 
July 2 28.92 SISe2 + 2.31 324.62 + 1.73 | + 4.21 66.84 + 19.73} 334.48 
6 29.28 195.39 2.34 206.71 eS 4.20 66.93 19.98 | 334.48 
10 29.65 77.70 AeB3I| 88.79 ead, 4.17 67.03 20.24 | 334.48 
14 30.01 320.06 2.40 330.86 1.79 4.11 67.14 20.50 | 334.48 
18 80.37 202.46 2.42 DID 1.80 4.04 Gis 20.76 | 334.48 
22 30.73 84.90 + 2.44 94.97 + 1.82 | + 3.94 67.38 + 21.02 | 334.48 
26 31.10 327.39 2.46 337.02 1.84 3.81 67.53 21.27 | 334.48 
30 31.46 209.91 2.48 219.05 1.86 3.66 67.70 21.52 | 334.48 
Aug. 3 SMe? 92.47 2.49 101.06 1.88 3.48 67.89 ZAM OB SB4548 
7 32.19 335.07 PPS) | 343.06 1.90 3.28 68.11 21.98 | 334.47 
11 32.55 217.69 + 2.51 225.05 + 1.92 | + 3.05 68.38 + 22.20] 334.47 
15 32.91 100.35 252 107.01 1.94 2.79 68.70 22.39 | 334.47 
19 33.28 343.02 252 348.96 1.96 2.51 69.11 22.58 | 334.48 
23 33.64 225,12 D2 230.89 1.98 2.20 69.63 22.74 | 334.48 
27 34.00 108.43 isd 112.80 2.00 1.87 70.35 22.88 | 334.48 
31 34.37 351.15 + 2.51 354.68 + 2.02 | + 1.53 71.40 + 23.00} 334.49 
Sept 4 34.73 233.87 2.50 236.54 2.03 ell gf 73.10 23.10 | 334.50 
8 35.09 116.58 2.49 118.38 2.05 0.79 76.37 23.16 | 334.51 
12 35.46 359.29 2.47 0.20 2.07 0.42 85.49 QB20R S842 
16 35.82 241.97 2.45 241.99 2.09 0.14 151.94 23.22)| 334:54 
20 36.19 124.63 + 2.43 1235 + 2.11 | + 0.40 226.80 |+ 23.20] 334.55 
24 36.55 IPH) 2.41 5.49 DN 0.77 236.68 23. los|| 33407 
28 36.92 249.86 2.38 247.21 2.14 1.14 240.12 23.08 | 334.59 
Oct. 2 37.28 132.41 2.36 128.91 2.16 1.50 241.88 22.98 | 334.61 
6 37.64 14.91 2:33 10.58 2.18 1.85 242.97 22.86 | 334.63 
10 38.01 257.36 + 2.30 25222 + 2.20 | + 2.18 243.72 + 22.71 334.66 
14 38.37 139.76 2.28 133.85 222 2.48 244.27 22.55 | 334.68 
18 38.74 22.09 MPs) 15.46 223 2.76 244.71 22.36 | 334.70 
22 39.10 264.36 DD) 257.04 225 3.02 245.05 Q2NSe) 3384a72 
26 39.47 146.57 2.19 138.61 DPA 3.24 245.34 DGOBS | 334.73. 
30 39.83 28.70 + 2.17 20.16 + 2.29 | + 3.44 245.59 + 21.70 | 334.75 
Nov 3 40.20 270.77 2.14 261.70 2.30 3.62 245.79 2145.) 334576 
7 40.56 1S 25767, De 143.22 232 3.76 245.97 Q1e20)| 334.77 
1] 40.93 34.71 2.10 24.73 2.34 3.88 246.13 20.94 | 334.77 
15 41.29 276.58 2.08 266.23 2.36 3.97 246.27 20.68 | 334.77 
19 41.66 158.38 + 2.07 147.72 + 2.37 | + 4.04 246.39 + 20.41 334.77 
23 42.02 40.13 2.05 29.20 2.39 4.09 246.50 20.15 | 334.76 
2a 42.39 281.81 2.04 270.67 2.41 4.11 246.60 19.88 | 334.75 
Dec 1 42.75 163.43 2.03 Syn i 2.42 4.11 246.68 19.62 | 334.74 
5 43.12 45.00 2.02 33.60 2.44 4.09 246.76 19.36 | 334.73 
9 43.48 286.51 + 2.02 275.06 + 2.46 | + 4.06 246.83 + 19.11 334.71 
13 43.85 167.98 2.01 156.52 2.47 4.01 246.89 18.86 | 334.69 
itp 44.22 49.39 210i 37.99 2.49 3.94 246.95 18.62 | 334.67 
21 44.58 290.77 2.02 279.45 2 3.86 247.00 18.39 | 334.65 
25 44.95 172.10 2.02 160.91 D5 Saul 247.05 18.16 | 334.62 
29 45.31 53.40 + 2.03 42.38 + 2.54 | + 3.67 247.11 + 17.94 334.60 
33 45.68 294.66 + 2.04 283.86 + 2.55 | + 3.56 247.16 + 17.73 | 334.58 


Ee 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 


SATURN, 1998 


FOR 0° DYNAMICAL TIME 


Diameter 
F E ; Surface Phase Defect of 
Ps ata eB a alae Brightness Pol. Angle Illumination 
m " ° " 
Jan. —1 76.71 + 07 + 69 17.94 16.05 6.0 0.05 
3 77.26 0.7 6.9 15.94 6.0 0.05 
7 77.82 0.7 6.9 17.68 15.83 6.0 0.05 
11 78.37 0.7 6.9 17.56 S51: 6.0 0.05 
15 78.91 0.7 6.9 17.44 15.61 5.9 0.05 
19 79.45 + 07 + 69 17.32 15.50 5.8 0.04 
D3 79.98 0.7 6.9 17.20 15.40 5) 17) 0.04 
2H 80.50 0.7 6.9 17.09 15.30 5.6 0.04 
31 81.01 0.8 6.9 16.99 ar!) 55 0.04 
Feb. 4 81.50 0.8 6.9 16.88 1512 3). 0.04 
8 81.97 + 0.7 + 69 16.79 15.03 Suk 0.03 
ily 82.42 0.7 6.9 16.69 14.95 4.9 0.03 
16 82.86 0.7 6.9 14.88 4.6 0.03 
20 83.27 0.7 6.9 16.53 14.81 4.4 0.02 
24 83.65 0.7 6.9 16.45 14.74 4.1 0.02 
28 84.01 + 0.7 + 6.8 16.38 14.68 3.8 0.02 
Mar. 4 84.34 Ong: 6.8 14.62 3t5 0.02 
8 84.65 0.7 6.8 16.26 14.57 32) 0.01 
12 84.92 0.7 6.8 16.20 14.53 2.9 0.01 
16 85.17 0.7 6.8 16.16 14.49 2.5 0.01 
20 85.38> + 0.6 + 68 16.12 14.46 2.2 0.01 
24 85.57 0.6 6.8 16.08 14.43 1.9 0.00 
28 85.72 0.6 6.8 16.05 14.40 5 0.00 
Apr. 1 85.84 0.6 6.7 16.03 14.39 1.2 0.00 
5 85.92 0.6 6.7 14.37 0.8 0.00 
9 85.98 + 0.5 + 67 16.00 14.37 0.5 0.00 
13 86.00 0.5 6.7 16.00 14.37 0.2 0.00 
17 85.99 0.5 6.7 16.00 14.37 0.4 0.00 
21 85.94 0.5 6.7 14.38 0.7 0.00 
25 85.86 0.5 6.7 16.03 14.40 1.1 0.00 
29 85.75 + 0.5 + 6.7 16.05 14.42 1.4 0.00 
May 3 85.61 0.6 6.8 16.07 14.45 1.8 0.00 
7 85.44 0.6 6.8 14.48 2.1 0.01 
1] 85.24 0.6 6.8 16.14 14.51 235 0.01 
15 85.00 0.6 6.8 16.19 14.56 2.8 0.01 
19 84.74 + 0.6 + 6.8 16.24 14.60 Sul 0.01 
23 84.45 0.6 6.8 16.29 14.66 3.4 0.01 
va) 84.13 0.6 6.8 16.36 14.72 BU/, 0.02 
Sil 83.79 0.6 6.9 16.42 14.78 4.0 0.02 
June 4 83.42 0.6 6.9 16.50 14.85 4.3 0.02 
8 83.03 + 0.6 + 6.9 16.57 14.92 4.6 0.03 
12 82.62 0.5 6.9 16.66 15.00 4.8 0.03 
16 82.18 0.5 6.9 16.74 15.08 5.1 0.03 
20 81.72 0.5 6.9 16.84 15.16 58. 0.04 
24 81.25 0.5 6.9 16.94 15.25 DES) 0.04 
28 80.76 + 0.5 + 69 17.04 15.35 Se7 0.04 
July 2, 80.26 + 0.5 + 69 Zhe ites} 15.45 5.8 0.04 


SATURN, 1998 E73 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 
Sub-Earth Point Sub-Solar Point North Pole 
Date Ibe | 

Long. Lat. Long. Lat. Dist. P.A. Dist. P.A. 

fe} ie) ie) ie) ° W fo) W fe) 
Jan. —1 206.16 26.53 — 11.07 21.03 — 14.26 | + 0.93 247.00 — 7.9] 2.98 
3 206.30 29.30 11.16 OL! 14.33 0.93 247.18 7.85 2.97 
7 206.43 32.04 25 26.50 14.40 0.92 247.37 7.79 2.95 
11 206.57 34.76 11.36 29.24 14.47 0.91 247.55 7.74 2.94 
15 206.71 37.46 11.49 31.98 14.54 0.90 247.74 7.68 2.92 
19 206.85 40.13 — 11.62 34.72 — 14.61 | + 0.88 247.93 — 7.63 2.90 
23 206.99 42.79 IIE gf 37.47 14.68 0.86 248.12 ey 2.88 
27 207.13 45.43 11.94 40.22 14.75 0.83 248.32 HDD 2.86 
31 207.27 48.06 12.11 42.98 14.82 0.80 248.53 747 2.83 
Feb. 4 207.41 50.67 12.29 45.75 14.89 0.77 248.76 7.42 2.80 
8 207.55 53.28 — 12.49 48.53 — 14.96 | + 0.74 248.99 — 7.38 Qld 
12 207.69 55.88 12.69 511.32 15.03 0.70 249.25 35 2.74 
16 207.82 58.47 12.90 54.12 15.10 0.67 249.52 7.29 270 
20 207.96 61.05 1B ee 56.94 S177 0.63 249.83 W29 2.67 
24 208.10 63.64 13.35 59.77 15.24 0.58 250.16 WAM 2.63 
28 208.24 66.22 — 13.58 62.61 — 15.31 | + 0.54 250.54 — 7.18 2.59 
Mar. 4 208.38 68.81 13.82 65.47 15.38 0.50 250.98 7.14 DDS) 
8 208.52 71.40 14.06 68.34 15.45 0.45 251.49 Wal 2.51 
1 208.66 74.00 14.30 2S SS) 0.41 252.10 7.09 2.46 
16 208.80 76.60 14.55 74.14 15.58 0.36 252.85 7.06 2.42 
20 208.94 79.21 — 14.80 77.06 — 15.65 | + 0.31 253.81 — 7.04 2237] 
24 209.08 81.83 15.05 80.00 15372 0.26 255.11 7.02 DP) 
28 209.22 84.46 syaiil 82.96 15.79 0.21 256.96 7.00 2.28 
Apr. 1 209.36 87.11 15.56 85.94 15.86 0.16 259.91 6.98 222, 
5 209.50 89.76 15.81 88.94 15.93 0.11 265.35 6.97 2.18 
9 209.64 92.44 — 16.06 91.95 — 16.00 | + 0.07 278.64 — 6.96 A} 
13 209.78 95.13 16.31 94.98 16.06 0.03 327.91 6.95 2.08 
17 209.92 97.83 16.56 98.04 16.13 0.06 31.65 6.95 2.03 
21 210.06 100.56 16.80 101.10 16.20 0.10 49.30 6.95 1.98 
25 210.20 103.30 17.04 104.19 16.27 0.15 55.85 6.95 1.92 
29 210.34 106.06 — 17.28 107.30 — 16.34 | + 0.20 59.21 — 6.95 1.87 
May 3 210.48 108.85 17.5] 110.42 16.41 0.25 61.28 6.96 1.82 
7 210.62 111.65 17.74 113.56 16.47 0.30 62.70 6.96 Lega 
1] 210.76 114.48 17.96 Vile 2 16.54 0.35 63.75 6.97 ae 
03) 210.90 Pliles)3) 18.18 119.90 16.61 0.39 64.56 6.99 1.67 
19 211.04 120.21 — 18.38 123.09 — 16.68 | + 0.44 65.23 — 7.00 1.62 
23 Daas 123.11 18.59 126.29 16.74 0.49 65.78 7.02 1.58 
al, P82. 126.03 18.78 129.51 16.81 0.53 66.26 7.04 GSS) 
31 211.46 128.98 18.97 1324/5 16.88 0.57 66.68 7.07 1.48 
June 4 211.60 131.96 19.15 136.00 16.95 0.62 67.06 7.09 1.44 
8 211.74 134.96 — 19.32 139.27 — 17.01 | + 0.66 67.40 — 7.12 1.39 
12 211.88 137.99 19.48 142.54 17.08 0.70 67.71 Tals Nas) 
16 212.02 141.04 19.63 145.83 ESS) 0.73 68.00 TA19 1.31 
20 212.16 144.13 19.78 149.13 72) 0.77 68.27 WP e277 
24 212.30 147.24 19.91 152.44 17.28 0.80 68.53 7.26 1.24 
28 212.44 150.38 — 20.03 155.76 — 17.35 | + 0.83 68.77 — 7.30 1.20 
July 2 212.58 153.54 — 20.15 159.08 — 17.41 | + 0.86 69.00 — 7.34 1.17 


E74 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 


SATURN, 1998 


FOR 0° DYNAMICAL TIME 


Diameter 
; ; ; Surface Phase Defect of 
BN Eight tine ip Mee Brightness Eq. Pol Angle Illumination 
m " u” ° "WW 

July 2, 80.26 + 0.5 + 6.9 LEYS 15.45 5.8 0.04 
6 79.74 0.5 6.9 17.26 LSi35) 5.9 0.05 

10 rh A | 0.5 6.9 GEST. 15.65 6.1 0.05 

14 78.68 0.5 6.9 17.49 15.76 6.1 0.05 

18 78.13 0.5 6.9 17.61 15.87 6.2 0.05 

22 77.59 + 04 + 69 17.74 15.98 6.2 0.05 

26 77.03 0.4 6.9 17.86 16.10 6.3 0.05 

30 76.48 0.4 6.9 17.99 16.21 6.3 0.05 

Aug. 3 75.94 0.4 6.9 18.12 16.33 6.2 0.05 
7 75.39 0.4 6.9 18.25 16.45 6.1 0.05 

11 74.85 + 0.4 + 6.9 18.38 16.57 6.1 0.05 

15 74.33 0.3 6.9 18.51 16.69 5.9 0.05 

19 73.81 0.3 6.9 18.64 16.80 5.8 0.05 

P13) Ueawl 0.3 6.9 18.77 16.92 5.6 0.04 

DD 72.82 0.3 6.9 18.90 17.03 5.4 0.04 

31 T2395 + 0.2 + 6.9 19.02 17.14 ay 0.04 

Sept. 4 71.91 0.2 6.9 19.14 17.24 49 0.03 
8 71.49 0.2 6.9 19.25 17.34 4.6 0.03 

1 71.09 O22, 6.9 19.36 17.44 43 0.03 

16 70.72 0.1 6.8 19.46 753 4.0 0.02 

20 70.39 + 0.1 + 6.8 19.55 17.61 3.6 0.02 

24 70.08 0.1 6.8 19.64 17.69 35 0.02 

28 69.81 0.1 6.8 19.71 L775 2.9 0.01 

Oct. 2 69.57 0.1 6.8 19.78 17.81 2.4 0.01 
6 69.38 0.0 6.8 19.83 17.86 2.0 0.01 

10 69.22 + 0.0 + 6.7 19.88 17.90 1.6 0.00 

14 69.10 — 0.0 nll 19.9] 17.93 2: 0.00 

18 69.02 0.0 6.7 19.94 17.94 0.7 0.00 

22 68.98 0.0 6.7 19.95 17.95 0.4 0.00 

26 68.98 0.0 6.7 19.95 17.95 0.4 0.00 

30 69.03 — 0.0 + 6.7 19.94 17.94 0.8 0.00 

Nov. 3 69.11 + 0.0 6.7 19.91 17.91 2 0.00 
7 69.24 0.0 ony 19.87 17.88 1.6 0.00 

11 69.40 0.1 6.8 19.83 17.83 2 0.01 

15 69.61 0.1 6.8 19.77 17.78 2 0.01 

19 69.85 + 0.1 + 6.8 19.70 iffe zi 2.9 0.01 

23 TOUS 0.2 6.8 19.62 17.64 3:3 0.02 

Pei 70.45 0.2 6.8 19.53 17.56 oy]. 0.02 

Dec. | 70.79 0.2 6.8 19.44 17.47 4.0 0.02 
5 TAA 0.2 6.9 19.33 17.38 43 0.03 

9 71.58 + 03 + 69 19,22 17.28 4.6 0.03 

13 72.01 0.3 6.9 19.11 17.18 4.9 0.03 

Wi 72.47 0.3 6.9 18.99 17.07 5.2 0.04 

Di 72.95 0.3 6.9 18.86 16.96 54 0.04 

Ds) 73.44 0.4 6.9 18.74 16.84 5.6 0.04 

29 73.96 + 0.4 + 69 18.61 16.72 Sil 0.05 

33 74.48 + 0.4 + 69 18.47 16.61 59 0.05 


SATURN, 1998 E75 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 
Sub-Earth Point Sub-Solar Point North Pole 
Date ee T + 
Long. Lat. Long. Lat. Dist. PYA. Dist. P.A. 
ie) ie) fe} oO ie) Ww fo) Wf O° 
July 2 212558 153.54 — 20.15 159.08 —17.41 | + 0.86 69.00 — 7.34 lea, 
6 212.72 156.74 20.25 162.42 17.48 0.89 69.22 7.39 1.14 
10 212.86 159.96 20.34 165.76 17.55 0.91 69.43 7.43 Talli 
14 213.00 163.20 20.42 169.10 17.61 0.93 69.64 7.48 1.08 
18 213.14 166.48 20.49 172.45 17.68 0.95 69.84 uoS 1.06 
22 213.28 169.78 — 20.55 175.80 — 17.75 | + 0.96 70.03 — 7.58 1.04 
26 213.42 7 Smlull 20.60 179.15 17.81 0.97 70.23 7.64 1.02 
30 213.56 176.46 20.63 182.50 17.88 0.97 70.42 7.69 1.01 
Aug. 3 213.70 179.84 20.66 185.85 17.94 0.97 70.61 7.74 1.00 
7 213.84 183.24 20.67 189.20 18.01 0.97 70.80 7.80 0.99 
11 213.98 186.67 — 20.67 192.55 — 18.08 | + 0.96 70.99 — 7.86 0.98 
15 214.13 190.12 20.66 195.88 18.14 0.95 71.19 7.91 0.98 
19 214.27 193.59 20.63 199.22 18.21 0.93 71.39 7.97 0.98 
BB 214.41 197.08 20.60 | 202.54 18.27 0.91 71.60 8.02 0.98 
27 2NASD: 200.58 20.55 205.86 18.34 0.88 71.83 8.08 0.99 
3 214.69 204.10 — 20.49 | 209.16 — 18.40 | + 0.85 72.07 — 8.13 1.00 
Sept. 4 214.83 207.64 20.43 212.45 18.47 0.81 72.34 8.19 1.01 
8 214.97 211.19 BOSS PUSS 18.53 0.77 72.65 8.24 1.03 
1 ONS UI 214.75 20.26 | 218.99 18.60 0.72 72.99 8.29 1.04 
16 PDN IS) 218.31 20.16 | 222.24 18.66 0.67 73.40 8.33 1.06 
20 215.39 221.88 — 20.06 | 225.47 — 18.73 | + 0.61 73.89 — 8.38 1.09 
24 PUSS} 225.46 19.94 | 228.68 18.79 0.55 74.49 8.42 eal 
28 215.68 229.03 19.82 | 231.88 18.86 0.49 75.28 8.45 1.14 
Oct. 2 Ds ye 232.60 O70) || AOS 18.92 0.42 76.33 8.49 LPF 
6 215.96 236.16 19.56 | 238.20 18.99 0.35 77.85 8.52 1.20 
10 216.10 239.71 — 19.43 | 241.33 — 19.05 | + 0.27 80.20 — 8.54 3) 
14 216.24 243.25 19.29 | 244.44 19.12 0.20 84.38 8.56 1.26 
18 216.38 246.77 19.15 247.52 19.18 0.13 93.65 8.57 1.30 
Mp A\ousy2 250.27 19.00 | 250.58 19.24 0.06 125.03 8.58 1-33 
26 216.66 253.76 [S86r") 253362 19.31 0.07 200.54 8.59 1.36 
30 216.80 D502 —18.72 | 256.64 — 19.37 | + 0.13 RDU MS — 8.59 1.40 
Nov 3 216.95 260.64 18.59 | 259.63 19.44 0.21 235.59 8.58 1.43 
i 217.09 264.04 18.45 262.60 19.50 0.28 239.48 8.57 1.46 
11 217.23 267.41 18.33 | 265.54 19.56 0.36 MTP 8.55 1.50 
15 ANGST 270.75 18.21 268.47 19.63 0.43 243.17 8.53 55 
19 INVTS\I 274.05 —18.10} 271.37 — 19.69 | + 0.49 244.20 — 8.51 1.56 
43} 217.65 DPM 18.00 | 274.25 19.75 0.56 244.97 8.48 1.58 
27 217.80 280.53 1790 27 7a 19.82 0.62 245.57 8.44 1.61 
Dec 1 217.94 283.72 L782 279195 19.88 0.67 246.05 8.40 1.63 
5 218.08 286.86 es 282.78 19.94 0.73 246.46 8.36 1.65 
9 218.22 289.97 —17.70 | 285.59 — 20.00 | + 0.77 246.80 — 8.31 1.67 
13 218.36 293.04 17.66 | 288.38 20.07 0.81 247.11 8.26 1.68 
17 218.50 296.06 17.63 | 291.16 20.13 0.85 247.38 8.21 1.69 
21 218.64 299.05 17.61 293.93 20.19 0.88 247.63 8.16 1.70 
25 218.79 302.00 17.61 296.69 20.25 0.90 247.86 8.10 ile 
29 218.93 304.91 — 17.62 | 299.44 — 20.32 | + 0.92 248.07 — 8.05 ei 
33 219.07 307.79 — 17.65 302.18 — 20.38 | + 0.94 248.28 — 7.99 Weval 


E76 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° DYNAMICAL TIME 


URANUS, 1998 


: North Pole 

Date | Light-time 1 Magnitude | Fquatorial pee ts he i cae 

m " 0 to) Co) ” ° 
fare! —3) 172.02 ‘POs 9 3.39 1.4 320.74 ba" 24i98 | 27125) 266.12 
7} 172.65 5.9 337 1.0 320.85 41.44 1.26 | 265.86 
17| 173.07 5.9 3.37 0.6 320.96 40.88 127 | 265.58 
27) 8173.25 5.9 3.36 0.1 321.07 40.30 127 | 26531 
Feb?! 61 ®4193.19 5.9 3.36 0.4 321.18 39.72 1.29 | 265.03 
16|"“172.91 | 45.9 3.37 0.9 yng "| "S304 || S140 | Sexr7 
26| 172.40 5.9 3.38 13 321.40 38.60 131 | °264:52 
Mar. 8] 171.68 5.9 3.39 17 321.51 38.08 132 | 264.29 
18| 170.77 5.9 3.41 2.1 321.62 37.61 1.34 | 264.09 
28| 169.70 5.9 3.43 2.4 173 37.19 136 | 263.91 
Apr. 7\°"168.49 | 45.8 3.46 2.6 307844 "|° S363 || BP La7) |) PSeave6 
17| 167.19 5.8 3.48 2.8 321.95 36.54 1.39 | 263.64 
27| 165.82 5.8 3.51 2.9 322.05 36.33 140 | 263.55 
May 7| 164.43 5.8 3.54 2.9 322.16 36.21 1.42 | 263.50 
17| 163.05 5.8 3.57 2.8 322.27 36.16 1.43 | 263.49 
SIE el AS hoes 5.7 3.60 2.7 2738 b | 3620 | ee an || eeqeesd 
June 6 160.50 5.7 3.63 2.5 322.49 36.31 1.45 | 263.56 
16| 159.40 5.7 3.65 2.2 322.60 36.50 145 | 263.64 
26| 158.46 5.7 3.68 18 322.71 36.76 146 | ~ 263.76 
July 6| 157.71 5.7 3.69 1.4 322.82 37.07 1.46 | 263.89 
1G) e 5718 pal 55.7 3.71 0.9 20993 || 3743 1) cbse: |) eos 
26| 156.88 5.7 3.71 0.4 323.04 37.81 1.45 | 264.22 
Aug. 5| 156.82 5.7 3.71 0.1 323.15 38.21 1.45 | 264.40 
15| 157.00 a 3.71 0.6 323.26 38.61 1.44 | 264.58 
25| 157.43 5.7 3.70 1. 323.37 38.98 1.43 | 264.75 
Sept. 4] 158.08 | + 5.7 3.68 15 323.48 | —3932 | — 142] 264.90 
14} 158.95 5.7 3.66 1.9 323.59 39.61 1.40 | 265.04 
24| 160.00 5.7 3.64 re 323.70 39.84 139 | 265.14 
Oct. 4] 161.20 5.7 3.61 2.5 323.81 40.00 1.38 | 265.21 
14] 162.51 5.8 3.58 2.7 323.92 40.09 1.36 | 265.25 
24). 163.91 |- + 5.8 3.55 2.8 394.03 <lessa0OS | oo 135 || «265.24 
Nov. 3| 165.34 5.8 3.52 2.9 324.14 40.00 1.34 | 265.20 
13| 166.76 5.8 3.49 2.8 324,25 39.83 1.33 | , 265.12 
23| 168.14 5.8 3.46 2.7 324,35 39.58 1.33 | 265.00 
Dec. 3| 169.43 5.9 3.44 2.4 324.46 39.25 1.32 | 264.84 
131g. 170.59" he tu5.9 3.41 oe 394571 Mr 3886 || mn 82 | 264.66 
23| 171.60 5.9 3.39 1.8 324.68 38.41 132 | 264.45 
A5inasi7 248 Fake Hes.9 3.38 1.4 3:79 4 per 3F00 | lee bao |) yp6428 


NEPTUNE, 1998 E77 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" DYNAMICAL TIME 
a 
: North Pole 
Pare e : Equatorial Phase Sub-Earth 
Date Light-time | Magnitude Diametar Angle Ls ae ie ae 
m " ° ° ) "1 ° 
Janie —3)|\) 25825 + 8.0 2.16 0.7 261.40 — 30.39 — 0.92 355819 
7| 258.68 8.0 2.15 0.4 261.46 30.43 0.92 354.86 
17) 258.88 8.0 2.15 0.1 261.52 30.48 0.92 354.52 
27| 258.83 8.0 ales 0.2 261.58 30.52 0.92 354.17 
Feb. 6) 258.54 8.0 2.16 0.5 261.64 30.56 0.92 353.84 
16} 258.03 + 8.0 2.16 0.8 261.70 — 30.60 | — 0.92 S)s\.5)1| 
SN POS 8.0 2.17 4 261.76 30.63 0.92 353.21 
Mar. 8| 256.36 8.0 AAG 1.4 261.82 30.66 0.92 352.93 
U8) 25527 8.0 2.18 1.6 261.88 30.69 0.93 352.69 
28) 254.04 8.0 2.19 1 261.94 30.71 0.93 352.49 
Apr. d) Peri + 7.9 PRIN 1.8 262.00 — 30.72 | — 0.94 352.33 
Lilie Zo desi Jie) DIP 1.9 262.06 30.74 0.94 352222 
27| 249.90 79 223, 1u9 262.12 30.74 0.95 352.16 
May 7| 248.50 7.9 2.24 ES) 262.18 30.74 0.95 352415 
17| 247.16 7.9 22S 1.8 262.24 30.74 0.96 352.19 
27; 245.92 + 47,9 Deh 1.6 262.30 = SOB = 0.96 85227) 
June 6| 244.81 7.9 2.28 1.4 262.36 30.72 0.97 352.40 
16| 243.87 7.9 2.29 12 262.42 30.70 0.97 352.57 
26| 243.12 HS) 2.29 0.9 262.48 30.68 0.97 352.76 
July 6| 242.58 WS 2.30 0.6 262.54 30.65 0.98 352.98 
16) 242.28 ap atletss 2.30 0.3 262.59 — 30.62 — 0.98 85322 
26| 242.21 7.8 2.30 0.1 262.65 30.59 0.98 353.47 
Aug. 31) | 242539 7.8 2.30 0.4 262.71 30.56 0.98 353\71 
15| 242.81 m9) 2.30 0.7 262.77 30.53 0.98 353.94 
25) 243.45 IS) 2.29 1.0 262.83 30.50 0.97 354.15 
Sept. 4] 244.30 + 7.9 2.28 1.3 262.89 — 30.48 = 0:97 354.34 
14) 245.34 Je) 2.27 1.5 262.95 30.45 0.97 354.49 
24) 246.52 eS) 2.26 iy) 263.01 30.44 0.96 354.59 
Oct. 4| 247.83 US) 2.25 1.8 263.07 30.43 0.96 354.65 
14) 249.21 WS 2.24 1.9 263.13 30.42 0.95 354.67 
24) 250.63 + 97:9 Apr h iL) 263.19 — 30.42 = 0.95 354.63 
Nov. 3) -252:05 Ue) AP 1.9 263.25 30.43 0.94 354.54 
13} 253.42 US) 2.20 1.8 263.31 30.44 0.94 354.40 
23) 254.70 8.0 ZAG 1.6 263.37 30.46 0.93 354.21 
Dec. 3) 255.86 8.0 2.18 1.4 263.43 30.49 0.93 353.98 
13| 256.86 + 8.0 PENN I) il 263.49 —30)52 — 0.92 Soo 2 
23| 257.68 8.0 2.16 0.9 263.55 S0I55 0.92 353.43 
33 258128 + 8.0 2.16 0.6 263.61 — 30.58 — 0.92 Spysiailil 


EGS 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 


PLUTO, 1998 


FOR 0° DYNAMICAL TIME 


Sub-Earth Point 


Date Light-time | Magnitude hae 1g Se Pr ee 
m ° ° ° ° ° 

Jan. —3 256.66 +13.8 1.0 206.40 110.49 — 23.98 80.98 
7 255.88 13.8 12 206.46 314.25 24.31 80.88 

17 254.91 13.8 1.4 206.53 157.99 24.60 80.80 

2) 253.79 13.8 1.6 206.60 12 24.85 80.74 

Feb. 6 252.54 13.8 1.8 206.66 205.43 25.07 80.69 
16 251021 + 13.8 Nes) 206.73 49.13 — 25.23 80.67 

26 249.84 13.8 1.9 206.80 252.80 2535 80.66 

Mar. 8 248.46 13.8 1.9 206.86 96.45 25.41 80.67 
18 247.12 13.8 1.8 206.93 300.08 25.41 80.69 

28 245.87 1397 ay 207.00 143.69 25.36 80.74 

Apr. 7 244.72 + 13.7 1.5 207.06 347.29 — 25.27 80.79 
17 243.74 13), 7/ 1.3 207.13 190.88 2502. 80.86 

27 242.93 1ST, 1.0 207.20 34.45 24.94 80.93 

May 7 242.33 13)7, 0.8 207.26 238.02 24.73 81.01 
17 241.95 135i 0.6 207.33 81.58 24.49 81.09 

27 241.81 + 13.7 0.4 207.39 285.14 — 24.23 81.16 

June 6 241.91 13.7 0.5 207.46 128.71 23.97 81.23 
16 242.24 1337 0.7 207.53 332.28 23272. 81.30 

26 242.79 eles! 1.0 207.59 175.86 23.48 81.35 

July 6 243.56 137. 12 207.66 19.45 23.26 81.39 
16 244.5] + 13.7 1.5 207.73 223.06 — 23.08 81.42 

26 245.62 13.7 1.6 207.79 66.68 22193 81.43 

Aug. 5 246.85 13.8 1.8 207.86 270.32 22.83 81.43 
15 248.18 13.8 19 207.93 113.98 22:77 81.41 

25 249.56 13.8 1.9 207.99 317.66 22.77 81.37 

Sept. 4 250.96 + 13.8 139 208.06 161.35 — 22.81 81.32 
14 252.33 13.8 1.8 208.12 5.06 229i 81.25 

24 253.64 13.8 17) 208.19 208.79 23.06 81.17 

Oct. 4 254.85 13.8 1.6 208.26 5253 23.25 81.08 
14 255.93 13.8 1.4 208.32 256.29 23.49 80.97 

24 256.86 +13.8 1 208.39 100.06 — 23.76 80.85 

Nov 3 257.59 13.8 0.9 208.46 303.83 24.07 80.72 
13 258.11 13.9 0.7 208.52 147.61 24.40 80.59 

23 258.41 13.9 0.4 208.59 351.40 24.75 80.46 

Dec 3 258.47 13.9 0.4 208.66 195.19 25.11 80.33 
13 258.30 + 13.9 0.5 208.72 38.97 — 25.47 80.20 

23 257.90 13.9 0.8 208.79 242.75 25.83 80.08 

33 257.27) +13.8 1.0 208.85 86.52 — 26.16 719.97 


PLANETARY CENTRAL MERIDIANS, 1998 E79 
FOR 0° DYNAMICAL TIME 
Date Mars Jupiter Saturn 
System I System II System II] System I System III 
ie) ie) ° ° re) ie) 

Jan. 0 89.71 310.52 108.35 155.38 274.03 2S: 
1 79.81 108.16 258.36 305.66 38.23 207.92 
2 69.91 265.80 48.37 95.93 162.42 298.61 
3 60.01 63.44 198.37 246.21 286.61 29.30 
4 50.11 221.08 348.38 36.48 50.80 119.99 
5 40.20 18.72 138.39 186.76 174.99 210.68 
6 30.29 176.36 288.40 337.03 299.18 301.36 
if 20.37 333.99 78.41 127.31 63.37 32.04 
8 10.46 131.63 228.42 277.58 187.55 22S) 
9 0.54 289.27 18.42 67.85 Ze 4 213.41 
10 350.62 86.90 168.43 218.13 75.92 304.09 
11 340.70 244,54 318.44 8.40 200.10 34.76 
2 330.77 42.18 108.44 158.67 324.28 125.44 
13 320.84 199.81 258.45 308.95 88.45 216.11 
14 310.91 357.45 48.46 99.22 212.63 306.79 
15 300.98 155.09 198.47 249.49 336.81 37.46 
16 291.04 S27! 348.47 39.77 100.98 128.13 
17 281.11 110.36 138.48 190.04 225015 218.80 
18 271.17 268.00 288.49 340.31 349.32 309.47 
19 261.22 65.64 78.49 130.58 113.49 40.13 
20 251.28 223i 228.50 280.86 237.66 130.80 
21 241.33 20.91 18.51 71.13 1.83 221.47 
22 231.38 178.55 168.52 221841 126.00 S218 
23 221.43 336.18 318.52 11.68 250.16 42.79 
24 211.48 133.82 108.53 161.95 14.33 133.45 
25 201.52 291.46 258.54 312%23 138.49 224.11 
26 191.57 89.10 48.55 102.50 262.65 314.77 
27 181.61 246.74 198.56 252.78 26.82 45.43 
28 171.65 44.38 348.57 43.05 150.98 136.09 
29 161.68 202.02 138.58 193.33 275.14 226.75 
30 (S1E72 359.66 288.59 343.61 39.30 317.40 
31 141.75 157.30 78.60 133.88 163.45 48.06 
Feb. 1 131.79 314.94 228.61 284.16 287.61 138.7] 
2 121.82 112.58 18.62 74.44 SAG 229.37 
3 111.85 270.22 168.64 224.72 175.93 320.02 
4 101.88 67.87 318.65 15.00 300.08 50.67 
5 91.90 225.51 108.66 165.28 64.24 141.33 
6 81.93 235) 258.68 315.56 188.39 231.98 
ii 71.95 180.80 48.69 105.84 31255) 322.63 
8 61.98 338.44 198.71 PSO) 2 76.70 53.28 
9 52.00 136.09 348.72 46.40 200.85 143.93 
10 42.02 293.74 138.74 196.68 325.01 234.58 
11 32.04 91.38 288.76 346.97 89.16 325.28 
12 22.06 249.03 78.78 ays: UNS BM 55.88 
13 12.08 46.68 228.80 287.54 337.46 146.52 
14 2.10 204.33 18.82 77.82 101.61 237 slu 
15 352F le 1.98 168.84 228.11 22500 327.82 


E80 


PLANETARY CENTRAL MERIDIANS, 1998 


FOR 0° DYNAMICAL TIME 


Jupiter Saturn 
Date Mars 
System I System II System III System I System III 
fo} ° io) ie} fo} fe) 
Hebi eal 85212 1.98 168.84 228A 220i 327.82 
16 342.14 159.64 318.86 18.46 349.92 58.47 
17 332.16 a1 7T29 108.88 168.6 114.07 149.11 
18 322.18 114.94 258.91 318.98 23322 23905 
19 31219 272.60 48.93 109.27 237 330.41 
20 302.21 70.25 198.96 259.56 126.52 61.05 
21 292.23 227.91 348.98 49.85 250.67 151.70 
22 282.25 PSS oy] 139.01 200.14 14.82 242.35 
23 272.27 183.22 289.04 350.44 138.97 332299 
24 262.28 340.88 79.07 140.73 263.12 63.64 
DS 252.30 138.54 229.10 291.03 PH) 154.29 
26 242.32 296.21 ORES 81.33 151.42 244.93 
27 232.34 93.87 169.16 231.63 Pay Syt/ 335.58 
28 222.36 25.053 319.20 POG 3978/2 66.22 
Mar. 1 212.38 49.20 109.23 17223 163.87 156.87 
2) 202.41 206.86 259.27 32253 288.02 247.52 
3 192.43 4.53 49.30 112.83 52.17 338.16 
4 182.45 162.20 199.34 263.14 176.32 68.81 
5 172.48 319.87 349.38 53.44 300.48 159.46 
6 162.51 WRo4 139.42 203.75 64.63 250.11 
7 152.54 275.21 289.47 354.06 188.78 340.75 
8 142.57 72.89 79.51 144.37 312.93 71.40 
9 132.60 230.56 229.55 294.68 77.09 162.05 
10 122.63 28.24 19.60 84.99 201.24 252.70 
11 112.66 185.92 169.65 235.31 325.39 343.35 
12 102.70 343.59 319.70 25.62 89.55 74.00 
13 92.74 141.27 109.75 175.94 213.70 164.65 
14 82.78 298.96 259.80 326.25 337.86 255.30 
15 72.82 96.64 49.85 116.57 102.01 345.95 
16 62.86 254.32 199.91 266.89 226.17 76.60 
17 52.91 52.01 349.96 S722 350.32 167.25 
18 42.96 209.70 140.02 207.54 114.48 257.90 
19 33.01 7.39 290.08 357.86 238.64 348.56 
20 23.06 165.08 80.14 148.19 2.80 79.21 
21 sy 322.77 230.20 298.52 126.96 169.86 
22 3.17 120.46 20.26 88.85 2 eli, 260.52 
23 B58;28 278.16 170.33 239e8. 15.28 351.18 
24 343.29 75.85 320.39 295i 139.44 81.83 
25 333.36 23385 110.46 179.84 263.60 172.49 
26 323.42 31,25 260.53 330.18 27.76 263.15 
Di 313.49 188.95 50.60 120.52 151.93 353.80 
28 303.56 346.66 200.68 270.85 276.09 84.46 
29 293.64 144.36 SLOW) 61.19 40.26 Wiley? 
30 283.72 302.07 140.83 211.54 164.42 265 78 
BI 273.80 99.77 290.90 1.88 288.59 356.44 
Apr. ] 263.88 257.48 80.98 15223 S276 87.11 
2 253.96 520 231.06 302.57 176.92 aaa 


PLANETARY CENTRAL MERIDIANS, 1998 E81 


FOR 0° DYNAMICAL TIME 


Date Mars Jupiter Saturn 
System I System IT System III System I System ITI 
oO O fe) ro) ie} 10) 
Apr. ] 263.88 257.48 80.98 152223 52.76 87.11 
2 253.96 55.20 231.06 302.57 176.92 ei 
3 244.05 212.91 PANS) 92.92 301.09 268.43 
4 234.14 10.62 171823 243.27 65.26 359.10 
5 224.24 168.34 BPI 32 33.62 189.44 89.76 
6 214.34 326.06 111.41 183.98 313.61 180.43 
a 204.44 123.78 261.50 334.33 77.78 271.10 
8 194.54 281.50 51.59 124.69 201.96 ei 
9 184.64 79.22 201.68 275.05 326.13 92.44 
10 174.75 236.95 351.78 65.41 90.31 183.11 
11 164.87 34.68 141.87 215.78 214.49 273.78 
2 154.98 192.4] 291.97 6.14 338.66 4.45 
13 145.10 350.14 82.07 156.51 102.84 95.13 
14 3522) 147.87 23m 306.88 227.03 185.80 
5) 125.34 305.61 22.28 97.25 351.21 276.48 
16 115.47 103.34 172.39 247.62 115.39 TAS 
ez 105.60 261.08 322.49 37.99 239751) 97.83 
18 95.73 58.82 112.60 188.37 3.76 188.51 
19 85.87 216.56 262.72 338.75 127.95 279.19 
20 76.01 14.31 52.83 129.13 252.14 9.87 
21 66.15 172.06 202.95 279.51 16.32 100.56 
22 56.29 329.80 353.06 69.89 140.51 191.24 
23 46.44 12755 143.18 220.28 264.71 281.92 
24 36.59 285.31 293.31 10.67 28.90 12.61 
25 26.75 83.06 83.43 161.06 153.09 103.30 
26 16.90 240.82 233.56 311.45 277.29 193.99 
Pay 7.06 38.58 23.68 101.84 41.49 284.68 
28 3522 196.34 173.81 252.24 165.68 Sse 
29 347.39 354.10 323.95 42.64 289.88 106.06 
30 337.56 151.87 114.08 193.04 54.08 196.76 
May 1 32S 309.63 264.22 343.44 178.29 287.45 
2 317.90 107.40 54.36 133.85 302.49 18.15 
3 308.08 265.17 204.50 284.25 66.70 108.85 
4 298.25 62.95 354.64 74.66 190.90 199.55 
5) 288.44 220.72 144.79 225.07 Sus) JU 290.25 
6 278.62 18.50 294.93 15.49 79.32 20.95 
7 268,81 176.28 85.08 165.90 203.53 111.65 
8 259.00 334.07 235.24 316.32 327.74 202.36 
9 249.19 131.85 25.39 106.74 91.96 293.06 
10 239.39 289.64 175.55 250 lan 216.17 DeeTal 
11 229.58 87.43 325.71 47.59 340.39 114.48 
2 219.78 245.22 115.87 198.02 104.61 205.19 
3} 209.99 43.01 266.03 348.45 228.83 295.90 
14 200.19 200.81 56.20 138.88 353.05 26.62 
15 190.40 358.61 206.36 289.31 ay 3} 
16 180.61 156.41 356.53 79.75 241.49 208.05 
17 170.82 314.21 146.71 230.19 Se 298.77 


E82 PLANETARY CENTRAL MERIDIANS, 1998 
FOR 0° DYNAMICAL TIME 
Jupiter Saturn 
Date Mars 
System I System II System III SystemI | System III 
fe) fo} oO O° ° oO 
May 17 170.82 314.21 146.71 230.19 one 298.77 
18 161.03 112.02 296.88 20.63 129:95 29.49 
19 1525 269.82 87.06 171.0% 254.17 120.21 
20 141.47 67.63 237.24 321.52 18.40 210.93 
21 131.69 225.45 27.42 111.96 142.64 301.65 
22 121.91 23.26 177.60 262.41 266.87 32.38 
23 112.14 181.08 327.79 52.87 Suet 123.11 
24 102.37 338.90 117.98 203132 155.34 213.84 
25 92.60 136.72 268.17 353.78 279.58 304.57 
26 82.83 294.55 58.37 144.24 43.82 3530 
27 73.06 92.37 208.56 294.70 168.06 126.03 
28 63.30 250.20 358.76 85.17 292.30 216.77 
29 53158 48.04 148.97 235.64 56.55 307.50 
30 43.77 205.87 299.17 26.11 180.80 38.24 
31 34.02 Shi 89.38 176.58 305.04 128.98 
| 
June 1 24.26 161.55 239:59 327.06 69.29 972 
2 14.50 319.39 29.80 117.54 193155 310.47 
3 4.75 117.24 180.01 268.02 317.80 41.21 
4 355.00 275.09 330.23 58.50 82.05 131.96 
5 345.25 72.94 120.45 208.99 206.31 222.71 
6 335250 230.79 270.67 359.47 330.57 313.46 
i 225075 28.65 60.90 149.96 94.83 44.21 
8 316.01 186.50 21 1e3 300.46 219.09 | 134.96 
9 306.26 344.37 1.36 90.95 343.35 225.71 
10 296.52 142.23 151.59 241.45 107.62 | 316.47 
| 
1] 286.78 300.10 301.83 31.96 231.88 47.23 
12 277.04 97.96 92.06 182.46 356.15 137.99 
13 267.30 255.84 242.30 33297 120.42 228.75 
14 DTRSy Soul 32.55 123.48 244.69 319.51 
15 247.83 21159 182.79 273.99 8.97 50.28 
16 238.10 9.47 333.04 64.50 133.24 141.04 
17 228.36 167.35 123.30 215.02 257.52 231.81 
18 218.63 325.24 21309 5.54 21.80 322.58 
19 208.90 123.12 63.81 156.07 146.08 53:35 
20 199.17 281.01 214.07 306.59 270.36 144.13 
21 189.44 78.91 4.33 97.12 34.64 234.90 
Pps 179,72 236.80 154.60 247.65 158.93 325.68 
23 169.99 34.70 304.86 38.19 283.22 56.46 
24 160.26 192.61 95.14 188.72 47.51 147.24 
25 150.54 350.51 245.41 339127 171.80 238.02 
26 140.81 148.42 35.69 129.81 296.09 328.80 
27 131.09 306.33 185.97 280.35 60.38 59.59 
28 121.37 104.24 336.25 70.90 184.68 150.38 
29 111.65 262.16 126.53 221.45 308.98 241.16 
30 101.92 60.08 276.82 12.01 73.28 331.96 
July | 92.20 218.00 67.11 162.56 197.58 62.75 
2 82.48 15.92 217.41 318812 321.88 153.54 


PLANETARY CENTRAL MERIDIANS, 1998 E83 
FOR 0" DYNAMICAL TIME 
Date Mars Jupiter Saturn 
System I System II System III System I System III 
ie) oO ie) O° ° fe} 

July 1 92.20 218.00 67.11 162.56 197.58 62.75 
2 82.48 15.92 217.41 313.12 321.88 153.54 
3 72.77 ‘173.85 7.70 103.69 86.19 244.34 
4 63.05 331.78 158.00 254.25 210.49 335.14 
> 53.83 129.71 308.31 44.82 334.80 65.93 
6 43.61 287.65 98.61 L959 99.11 156.74 
7 33.90 85.59 248.92 345.97 223.42 247.54 
8 24.18 243.53 39.23 136.54 347.74 338.34 
y) 14.46 41.47 189.54 287.12 112.05 69.15 
10 4.75 199.42 339.86 77.70 236.37 159.96 
11 355.03 350630 130.18 228.29 0.69 250.77 
12 345.32 S532 280.50 18.88 125.01 341.58 
13 335.60 31827, 70.82 169.47 249.33 72.39 
14 325.89 Nk23 221615 320.06 13.65 163.20 
15 316.18 269.19 11.48 110.66 137.98 254.02 
16 306.46 67.16 161.81 261.25 262.31 344.84 
17 296.75 PRS 2) 312515 51.85 26.64 75.66 
18 287.03 23.09 102.49 202.46 150.97 166.48 
19 2H 2 181.06 252.83 353.07 2730 257.30 
20 267.61 339.04 43.17 143.67 39.63 348.13 
21 257.89 137.01 193.52 294.29 163.97 78.95 
22 248.18 294.99 343.86 84.90 288.30 169.78 
23 238.47 92797 134.22 235.02 52.64 260.61 
24 228.75 250.96 284.57 26.14 176.98 351.44 
25 219.04 48.94 74.93 176.76 301.33 82.27 
26 209.33 206.93 225.28 327639 65.67 s/o iai 
27 199.61 4.93 15.65 118.01 190.02 263.94 
28 189.90 162.92 166.01 268.64 314.36 354.78 
29 180.18 320.92 316.38 59.27 T3el 85.62 
30 170.47 118.92 106.74 209.91 203.06 176.46 
351 160.75 276.92 20M 0.55 327.41 267.30 
Aug. ] 151.04 74.92 47.49 TSIMG 91.77 358.15 
2 141.33 232095; 197.86 301.83 216.12 88.99 
3 131.61 30.93 348.24 92.47 340.48 179.84 
4 121.89 188.94 138.62 243.12 104.83 270.69 
5 112.18 346.96 289.00 33.76 22919 1.54 
6 102.46 144.97 79.39 184.41 35359 92.39 
7 92775 302.99 229.17 335.07 117.92 183.24 
8 83.03 101.01 20.16 L252 242.28 274.10 
9 73.31 259.03 170.55 276.37 6.65 4.95 
10 63.59 57.05 320.94 67.03 131.01 95.81 
11 53.88 215.07 TESS 217.69 255.38 186.67 
12 44.16 13.10 261.73 835 19.75 23S 
13 34.44 171.12 2.18 159.02 144.12 8.39 
14 24.72 329 a5 202.52 309.68 268.49 99.25 
NS 15.00 127.18 352.92 100.35 32.86 190.12 
16 28 285.21 143,33 251.01 157.24 280.98 


E84 


PLANETARY CENTRAL MERIDIANS, 1998 


FOR 0° DYNAMICAL TIME 


— 


Jupiter Saturn 
Date Mars 
System I System II System II System I System III 
ie) O° ie) O° oO fe} 
Aug. 16 5.28 285.21 143.33 251.01 157.24 280.98 
17 355.56 83.25 293.73 41.68 281.61 11.85 
18 345.83 241.28 84.13 192.35, 45.99 102.72 
19 336.11 39.32 234.54 343.02 170.37 193.59 
20 326.39 197.35 24.94 133.70 294.75 284.46 
21 316.66 355.39 175.35 284.37 59.13 15,33: 
22 306.94 153.43 325.76 75.04 183.51 106.20 
a3} 297-2 311.47 116.17 225.72 307.89 197.08 
24 287.49 109.51 266.58 16.40 72.28 287.95 
25 277.76 267.55 56.99 167.07 196.66 18.83 
26 268.04 65.60 207.40 SITET S 321.05 109.70 
27 258.31 223.64 357.82 108.43 85.44 200.58 
28 248.58 21.68 148.23 259111 209.82 291.46 
29 238.85 179.73 298.64 49.79 334.21 22.34 
30 229:12 337.77 89.06 200.47 98.60 113222. 
31 21939 135.81 239.47 351.15 222.99 204.10 
Septz) 1 209.66 293.86 29.88 141.83 347.39 294.99 
2 199.93 91.90 180.30 29225) 111.78 25.87 
3 190.20 249.95 330.71 83.19 236.17 116.76 
4 180.47 47.99 121.13 233.87 0.57 207.64 
5 170.73 206.03 271.54 24.55 124.96 298.53 
6 161.00 4.08 61.95 175.23 249.36 29.41 
7 151.26 162.12 212.36 325.90 13 45 120.30 
8 141.53 320.16 2.78 116.58 138.15 211.19 
9 131.79 118.20 153.19 267.26 262.54 302.08 
10 122.05 276.24 303.60 57.94 26.94 32.97 
11 LA 2582 74.28 94.01 208.61 151.34 123.86 
12 102.58 23232 244.42 359.29 275.74 214.75 
13 92.84 30.36 34.82 149.96 40.14 305.64 
14 83.10 188.39 185.23 300.63 164.54 36.53 
15 73.36 346.43 335.63 91.30 288.94 127.42 
16 63.62 144.46 126.04 241.97 53.34 218.31 
17 53.88 302.50 276.44 32.64 177.74 309.20 
18 44.13 100.53 66.84 183.31 302.14 40.10 
19 34.39 258.55 217.24 333.97 66.54 130.99 
20 24.65 56.58 7.64 124.63 190.94 221.88 
21 14.90 214.61 158.03 275.30 315.34 312.78 
22 5.16 12.63 308.42 65.95 79.74 43.67 
23 355.41 170.65 98.82 216.61 204.14 134.56 
24 345.67 328.67 249.20 7.27 328.55 225.46 
25 335.92 126.68 39.59 157.92 92295 316.35 
26 326.18 284.70 189.97 308.57 217.35 47.24 
27 316.43 82.71 340.36 99.22 341.75 138.14 
28 306.68 240.72 130.73 249.86 106.15 229.03 
29 296.93 38.72 281.11 40.50 230.55 319.92 
30 287.19 196.73 71.48 191.14 354.95 50.81 
Oct. | 277.44 354.73 221.85 341.78 119.35 141.70 


PLANETARY CENTRAL MERIDIANS, 1998 E85 
FOR 0" DYNAMICAL TIME 
Date Mars Jupiter Saturn 
System I System II System III System I System III 
te) ie) ie) ° ie) fe 
Oct. 1 277.44 354.73 221.85 341.78 119.35 141.70 
a 267.69 1S 22 12722 132.41] 243.75 232.60 
3 257.94 310.72 162.59 283.04 8.14 323.49 
4 248.19 108.71 S125 73.67 132.54 54.38 
5 238.44 266.70 103.30 224.29 256.94 145.27 
6 228.69 64.68 253.66 14.9] 21.34 236.16 
7 218.94 222.66 44.01 165.53 145.73 327.05 
8 209.19 20.64 194.36 316.15 270.13 S393) 
9 199.44 178.62 344.70 106.76 34.52 148.82 
10 189.69 336.59 135.05 257.36 158.91 23971 
11 179.94 134.56 285.38 47.97 283.31 330.59 
12 170.19 292292 (PI? 198.57 47.70 61.48 
13 160.44 90.48 226.05 349.16 172.09 152.36 
14 150.69 248.44 16.38 139.76 296.48 243.25 
15 140.93 46.39 166.70 290.35 60.87 334.13 
16 131.18 204.34 317.02 80.93 185.26 65.01 
17 121.43 2.28 107.33 PENS 309.64 155.89 
18 111.68 160.22 257.65 22.09 74.03 246.77 
19 101.93 318.16 47.95 172.66 198.41 337.65 
20 92.18 116.09 198.26 323723 322.80 68.52 
21 82.43 274.02 348.56 113.80 87.18 159.40 
22 72.68 TARoS 138.85 264.36 211.56 250.27 
23 62.93 229.87 289.14 54.92 335.94 341.15 
24 53.18 Deo) 79.43 205.47 100.32 72.02 
25 43.44 185.70 229) 356.02 224.69 162.89 
26 33.69 343.61 19.99 146.57 349.07 253.76 
27 23.94 141.5] 170.27 297.11 113.44 344.62 
28 14.19 299.41 320.54 87.64 237.81 75.49 
29 4.45 O73 1 110.80 238.17 2.18 166.35 
30 354.70 255.20 261.06 28.70 126.55 Pie) 
31 344.96 53.09 S132, 2s) 250.91 348.07 
Nov. 1 335.21 210.97 201.58 329.75 15.28 78.93 
D 325.47 8.85 351.83 120.26 139.64 169.79 
3 Sisg3 166.72 142.07 270.77 264.00 260.64 
4 305.99 324.59 292.31 61.28 28.36 351.50 
5 296.25 122.46 82.55 211.78 152.71 82.35 
6 286.51 280.32 232.78 2.28 277.07 173.20 
i 276.77 78.18 23.01 VS257 7 41.42 264.04 
8 267.03 236.03 173.23 303.26 165.77 354.89 
9 PSS) 33.88 323.45 93.75 290.12 85.73 
10 247.56 191.73 113.67 244.23 54.47 176.57 
1] 237.82 349.57 263.88 34.71 178.81 267.41 
12 228.09 147.40 54.09 185.18 303.15 358.25 
13 218.36 305.24 204.29 335.65 67.49 89.08 
14 208.63 103.07 354.49 126.12 191.83 iS? 
15 198.90 260.89 144.69 276.58 316.16 270.75 
16 189.17 58.71 294.88 67.04 80.50 1.58 


E86 PLANETARY CENTRAL MERIDIANS, 1998 
FOR 0° DYNAMICAL TIME 
Jupiter Saturn 
Date Mars 
System I System II System III System I System III 
fe) (0) ° ° ° ° 
Nov. 16 189.17 58.71 294.88 67.04 80.50 1.58 
17 179.45 216.53 85.06 217.49 204.83 92.40 
18 169.72 14.34 PIB}S) D9) 7.94. S296 183.23 
We 160.00 2S) 25.43 158.38 93.48 274.05 
20 150.28 8295 175.60 308.83 217.81 4.87 
21 140.56 WAT) 325.77 99.26 342.13 95.68 
DP 130.84 285.55 115.94 249.70 106.45 186.50 
23 12 83.34 266.10 40.13 230.76 DTT 
24 111.41 241.13 56.26 190.55 355.08 8.12 
25 101.70 38.92 206.42 340.97 119.39 98.93 
26 O99 196.70 356.57 131.39 243.70 189.73 
Pei 82.28 354.48 146.72 281.81 8.00 280.53 
28 Tai 152.25 296.87 72.22 13231 eS, 
29 62.87 310.02 87.01 22ROL 256.61 102.13 
30 Sey 107.79 23715 13.03 20.91 192298, 
Dec. ] 43.47 265.55 27.28 163.43 145.21 283.72 
2 337 63.31 177.41 313283 269.50 14.51 
Bi 24.08 221.07 327.54 104.22 3399 105.30 
4 14.38 18.82 117.66 254.61 158.08 196.08 
3) 4.69 176.57 267.78 45.00 282.37 286.86 
6 355.00 334.32 S790 195.38 46.65 17.64 
7 345.32 132.06 208.02 345.76 170.93 108.42 
8 335.63 289.80 358.13 136.14 295.21 199.20 
9 325195 87.54 148.23 286.51 59.49 289.97 
10 316.27 245.28 298.34 76.88 183.76 20.74 
11 306.60 43.01 88.44 22725 308.03 1 254 
12 296.92 200.74 238.54 17.61 72.30 202.27 
13 287.25 358.46 28.04 167.98 196.57 293.04 
14 277.58 156.18 178.73 318.33 320.83 23.80 
i) 267.92 313.90 328.82 108.69 85.09 114.56 
16 258.26 111.62 118.91 259.04 209.35 205.31 
17 248.60 269.33 268.99 49.39 333.61 296.06 
18 238.94 67.04 59.07 199.74 97.86 26.81 
19 229.29 224.75 209.15 350.09 222512 117.56 
20 219.64 22.46 35923 140.43 346.36 208.31 
2 209.99 180.16 149.30 290.77 110.61 299.05 
Dp) 200.35 337.86 299737 81.11 234.86 2979 
78} 190.71 135.56 89.44 231.44 35930 120.53 
24 181.07 PSS) 239.51 PAT) 123.34 2Mhe7 
25 171.43 90.95 2957 172.10 247.57 302.00 
26 161.80 248.64 179.63 322.43 11.81 2a 
PH 152.18 46.33 329.69 112 76 136.04 123.46 
28 142.55 204.01 1 Ssh) 263.08 260.27 214.19 
29 13293) 1.70 269,80 53.40 24.50 304.91 
30 123.31 159.38 59.86 203.72 148.72 35.64 
31 113.70 317.06 209.91 354.04 272.95 126.36 
32 104.09 114.74 359.96 144.35 Sith ded) 217.08 


ROTA 


Mercury 
Venus 
Mars 
Jupiter [ 
I 
I 
Saturn 
Uranus 
Neptune 
Pluto 


MAJOR PLANETS, 1998 E87 


TION ELEMENTS FOR MEAN EQUINOX AND EQUATOR OF DATE 
1998 JANUARY 0, 0° TDT 


_ North Pole Argument of Longitude Inclination 

Right Declin- Prime Meridian of Central of Equator 
Ascension ation at epoch var./day Meridian to Orbit 

om 8, Wo W re 

281.00 61.45 SOF 6.1385025 ONT 0.01 
272.76 67.16 163.82 — 1.4813688 SHIENS 177.36 
317.67 52.88 179.42 350.8919830 89.98 DNS 
268.05 64.49 123.25 877.900 310.56 3313 
I 268.05 64.49 280.80 870.270 108.35 Sls 
II 268.05 64.49 SES 870.270 155.41 dolls. 
40.50 83.53 223.16 810.7939024 117.09 26.73 
257.28 -15.17 322.42 -501.1600928 145.24 Oiled 
299.30 42.95 340.36 536.3128492 S237) 28a32 
313.00 9.08 65.81 ~ 56.3623195 298.44 122353 


These data were derived from the “Report of the IAU/IAG/COSPAR Working Group on Cartographic Coordinates 
and Rotational Elements of the Planets and Satellites: 1994” (M. E. Davies et al., Celest. Mech., 63, 127-148, 


1996). 
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Wo 


Be 
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DEFINITIONS AND FORMULAS 


right ascension and declination of the north pole of the planet; variations during one year are 
negligible. 

the angle measured from the planet’s equator in the positive sense with respect to the planet’s 
north pole from the ascending node of the planet’s equator on the Earth’s mean equator of 
date to the prime meridian of the planet. 


the daily rate of change of Wo. Sidereal periods of rotation are given on page E88. 
apparent right ascension, declination and true distance of the planet at the time of observation 
(pages E14—E42). 
argument of the prime meridian at the time of observation antedated by the light-time from 
the planet to the Earth. 

W, = Wo + W(d 0.005 7755 A) 
where d is the interval in days from Jan. 0 at 0" TDT. 
planetocentric declination of the Earth, positive in the planet’s northern hemisphere: 

sin B, = —sin 6, sin 6 — cos 8, cos 8 cos (; — &), where —90° < B, < 90°. 
position angle of the central meridian, also called the position angle of the axis, measured 
eastwards from the north point: 

cos B, sin py = cos 6, sin(a, — ) 

cos B. cos py = sin 6, cos § — cos 6, sin 6 cos (&; — &), where cos B,> 0. 


planetographic longitude of the central meridian measured in the direction opposite to the 
direction of rotation: 


Ae= W, -K, if Wis positive 
Ae= K-W,, if Wis negative 
where K is given by 
cos B, sin K = —cos 6; sind + sin 6; cos 6 cos (@, — @) 
cos B. cos K = cos 6 sin (a, — @), where cos B, > 0. 


planetographic longitude (measured in the direction opposite to the rotation) and latitude 
(measured positive to the planet’s north) of a feature on the planet’s surface. 


apparent semidiameter of the planet (see page E43). 
displacements in right ascension and declination of the feature (A, @) from the center of the 


planet: 
Aa cos 6= X cos pp + Y sin py 


Ad = —X sin p, + Y cos py ; 
where X = scos@sin(A—A,), if W>0; X = -s cos @ sin (A—X-), if W< 0; 
Y = s (sin @ cos B, — cos @ sin Be cos (A — A-)). 


E88 MAJOR PLANETS 


PHYSICAL AND PHOTOMETRIC DATA 


Mean Maximum Minimum Flattening* Coefficients of the Potential 
Planet Mass! Equatorial Angular — Geocentric (geometric) 
(x1074 kg) Radius Diameter? —_ Distance* 107 J, 10° J; 108 J, 
km ” au 

Mercury 0.330 22 2 439.7 11.0 0.613 0 — a == 
Venus 4.869 0 6 051.8 60.2 0.277 0) 0.027 = = 
Earth 5.974 2 6 378.14 —_ — 0.003 353 64 1.082 63 —2.54 - 1.61 
(Moon) 0.073 483 737.4 1 864.2 0.00257 0 0.202 7 — == 
Mars 0.641 91 3 397 17.9 0.524 0.006 476 1.964 36 — 
Jupiter 1 898.8 71 492 46.9 4.203 0.064 874 14.75 — — 580 
Saturn 568.50 60 268 19°5 8.539 0.097 962 16.45 — -—1000 
Uranus 86.625 25.559 3:9 18.182 0.022 927 12 — — 
Neptune 102.78 24 764 es 29.06 0.017 081 4 — —_— 
Pluto 0.015 1195 0.08 38.44 0) — —— == 

Sidereal Mean Geometric Visual Color Indices 

Period of Density Albedo® Magnitude ’ 

Rotation? V(1,0) Vo B=V U-B 

d g/cm? 

Mercury 58.646 2 5.43 0.106 — 0.42 — 0.93 0.41 
Venus — 243.018 5 5.24 0.65 — 4.40 — 0.82 0.50 
Earth 0.997 269 63 51515 0.367 — 3.86 = — — 
(Moon) 27.321 66 3.34 0.12 + 0.21 — 12.74 0.92 0.46 
Mars 1.025 956 75 3.94 0.150 — 1.52 — 2.01 1.36 0.58 
Jupiter 0.413 54 (System III) 1333. 0.52 — 9.40 — 2.70 0.83 0.48 
Saturn 0.444 01 (System I) 0.70 0.47 — 8.88 + 0.67 1.04 0.58 
Uranus — 0.718 33 1.30 0.51 —7.19 came? 0.56 0.28 
Neptune 0.671 25 1.76 0.41 — 6.87 + 7.84 0.41 0.21 
Pluto — 6.387 2 jt 0.3: -— 1.0 + 15.12 0.80 0.31 


! Values for the masses include the atmospheres but exclude satellites. 


? The tabulated Maximum Angular Diameter is based on the equatorial diameter when the planet is at the 
tabulated Minimum Geocentric Distance. 


3 For Mercury and Venus the tabulated Minimum Geocentric Distance is the mean distance of the planet at 
inferior conjunction; for the outer planets it is the mean distance at opposition. 


4 The Flattening is the ratio of the difference of the equatorial and polar radii to the equatorial radius. 


> Sidereal Period of Rotation is the rotation at the equator with respect to a fixed frame of reference. A 
negative sign indicates that the rotation is retrograde with respect to the pole that lies north of the invariable 
plane of the solar system. The period is measured in days of 86 400 SI seconds. Rotation elements are 
tabulated on page E87. 


6 The Geometric Albedo is the ratio of the illumination of the planet at zero phase angle to the illumination 
produced by a plane, absolutely white Lambert surface of the same radius and position as the planet. 


7 V(1,0) is the visual magnitude of the planet reduced to a distance of 1 au from both the Sun and Earth and 
with phase angle zero. Vo is the mean opposition magnitude. For Saturn the photometric quantities refer 
to the disk only. 


Data for the Mean Equatorial Radius, Flattening and Sidereal Period of Rotation are based on the “Report 
of the IAU/IAG/Cospar Working Group on Cartographic Coordinates and Rotational Elements of the 
Planets and Satellites: 1994” (M. E. Davies et al., Celest. Mech., 63, 127-148, 1996). The data on this page 
are the best values available at the time of publication. They are not necessarily those used in preparing the 
ephemerides. The constants used in preparing the ephemerides are given on pages K6 and K7. 


SATELLITES OF THE PLANETS, 1998 
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The satellite ephemerides were calculated using AT = 64 seconds. 
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SATELLITESMORBITALY DATA 


Max. Elong. Inclination of | Motion of 
Satellite Orbital Period! at Mean Semimajor Orbital Orbit to Node on 
(R = Retrograde) | Opposition Axis Eccentricity Planet’s Equator] Fixed Plane* 
d a x10> km : lyr 
Earth Moon 27.321 661 384.400 0.054 900 489} 18.28-28.58 19.346 
Mars I Phobos 0.318 910 23 25 9.378 0.015 1.0 158.8 
Il Deimos 1.262 440 7 102 23.459 0.000 5 0.9-2.7 6.614 
Jupiter I Io 1.769 137 786 2 18 422 0.004 0.04 48.6 
II Europa 3.551 181 041 3 40 671 0.009 0.47 12.0 
Ill Ganymede 7.154 552 96 3) 2) 1 070 0.002 0.21 2.63 
IV Callisto 16.689 018 4 10 18 1 883 0.007 0.51 0.643 
Vv Amalthea 0.498 179 05 59 18] 0.003 0.40 914.6 
VI Himalia 250.566 2 1 02 46 | 11 480 0.157 98 PLUS: 
VII Elara 259.652 8 OAs LOR iano 0.207 19 24.77 
VIII Pasiphae Weyy AR 2 08 26 | 23 500 0.378 145 
Ix Sinope 758 R 2 09 31 | 23 700 O275 153 
Xx Lysithea 259.22 1 04 04 | 11720 0.107 29.02 
XI Carme 692 R 2 03 31 | 22 600 0.206 78 164 
XII Ananke 631 R JP SIS} sy |[ yl PA) 0.168 70 147 
XIll Leda 238.72 1 00 39 | 11094 0.147 62 26.07 
XIV Thebe 0.674 5 jh 8} 222 0.015 0.8 
XV Adrastea 0.298 26 42 129 
XVI Metis 0.294 780 42 128 
Saturn J Mimas 0.942 421 813 30 185.52 0.020 2 L533 365.0 
II Enceladus PS TOQIG.895 38 238.02 0.004 52 0.00 156.2° 
Il Tethys 1.887 802 160 48 294.66 0.000 00 1.86 F225 
IV Dione 2.736 914 742 1 Ol 377.40 0.002 230 0.02 30.85° 
Vv Rhea 4.517 500 436 Las 527.04 0.001 00 0.35 10.16 
VI Titan 15.945 420 68 Salen 22183 0.029 192 0.33 052135 
VII Hyperion 21.276 608 8 3 59 1 481.1 0.104 0.43 
VIII Iapetus 79.330 182 5 9 35 3 561.3 0.028 28 14.72 
IX Phoebe 550.48 R 34°51) 912,952 0.163 26 Are 
x Janus 0.694 5 24 151.472 0.007 0.14 
XI Epimetheus 0.694 2 24 151.422 0.009 0.34 
XII Helene 2.7369 1 Ol 377.40 0.005 0.0 
XIII _—Telesto 1.887 8 48 294.66 
XIV Calypso 1.887 8 48 294.66 
XV Atlas 0.601 9 22 137.670 0.000 0.3 
XVI ___—~ Prometheus 0.613 0 23 139.353 0.003 0.0 
XVII Pandora 0.628 5 a3 141.700 0.004 0.0 
XVIII Pan 0.575 0 21 133.583 
Uranus I Ariel 2.520 379 35 14 191.02 0.003 4 0.3 6.8 
II Umbriel 4.144 1772 20 266.30 0.005 0 0.36 3.6 
Ill Titania 8.705 8717 33 435.91 0.002 2 0.14 2.0 
IV Oberon 13.463 2389 44 583.52 0.000 8 0.10 1.4 
Vv Miranda 1.413 479 25 10 129.39 0.002 7 4.2 19.8 
VI Cordelia OMsa0388 4 49.77 <0.001 0.1 550 
VII Ophelia 0.376 409 4 $3.79 0.010 0.1 419 
VIII Bianca 0.434 577 4 59.17 <0.001 0.2 229 
IX Cressida 0.463 570 i) 61.78 <0.001 0.0 257 
Xx Desdemona 0.473 651 5 62.68 <0.001 0.2 245 
XI Juliet 0.493 066 5 64.35 <0.001 0.1 223 
XII Portia 0.513 196 5 66.09 <0.001 0.1 203 
XII Rosalind 0.558 459 5 69.94 <0.001 0.3 129 
XIV Belinda 0.623 525 6 75.26 <0.001 0.0 167 
XV Puck 0.761 832 7 86.01 <0.001 0.31 81 
Neptune I Triton 5.876 8541R Ilys 354.76 0.000 016 157.345 0.5232 
II Nereid 360.136 19 4 2] ayo len! Osi 271.63 0.039 
Ill Naiad 0.294 396 2 48.23 <0.001 4.74 626 
IV Thalassa 0.311 485 2 $0.07 <0.001 0.21 55] 
Vv Despina 0,334 655 2 S209 <0.901 0.07 466 
VI Galatea 0.428 745 3 61.95 <0.001 0.05 261 
VII Larissa 0.554 654 3 73.55 0.001 4 0.20 143 
Vill Proteus Lol22.31'5 6 117.65 <0.001 0.55 Q:5232 
Pluto I Charon 6.387 25 <l 19.6 <0.001 gy 3 


' Sidereal periods, except that tropical periods are given for satellites of Saturn. 


” Relative to ecliptic plane. 


Referred to equator of 1950.0. 

* Rate of decrease (or increase) in the longitude of the ascending node. 
> Rate of increase in the longitude of the apse. 

© On the ecliptic plane. 


SATELLITES: PHYSICAL AND PHOTOMETRIC DATA ES 


a a Sidereal Geometric 
Satellite Mass Radius Period of Albedo V(1,0) V5 B-—V U-B 
(1/Planet) Rotation’ (Vv)? 
km d 
Moon 0.01230002 1738 S Ome + 0.21 — 12.74 0.92 0.46 
I Phobos ES SEIO=S 1 GB Ss2 Oot S 0.06 +11.8 11.3 0.6 
II Deimos BS SO 2 V2 XON SESS S 0.07 +12.89 12.40 0.65 0.18 
I Io 4.68 x 10-> 1815 S 0.61 — 1.68 5.02 117 1.30 
Il Europa DSS MNO > 1569 S 0.64 — 1.41 5.29 0.87 0.52 
Il Ganymede LESOSAQ=> 2631 S 0.42 — 2.09 4.61 0.83 0.50 
IV Callisto 5.66 x 10-5 2400 S 0.20 = "1505 5.65 0.86 0.55 
Vv Amalthea Bo SSO 125Sq8e5e15 S 0.05 + 7.4 14.1 1.50 
VI Himalia SO sclOx” 93 0.4 0.03 + 8.14 14.84 0.67 0.30 
Vil Elara Ae Qa ts 38 0.5 0.03 +10.07 16.77 0.69 0.28 
VIII Pasiphae 1 Sala Ps) +10.33 17.03 0.63 0.34 
IX Sinope Oe soho 18 +11.6 18.3 OM 
x Lysithea O4y 105 18 +11.7 18.4 0.7 
XI Carme Os suo 20 4+11.3 18.0 0.7 
XII Ananke OF sooe’ 15 +12.2 18.9 0.7 
XIII Leda 0.03 x 10-!° 8 +13.5 20.2 0.7 
XIV Thebe Be Sea 55 x45 S 0.05 + 9.0 NESE 3} 
XV Adrastea On aOR IPSSSe MOS WS) 0.05 +12.4 19.1 
XVI Metis OLS SQ 20 0.05 +10.8 eS 
I Mimas S00) S<ilO)= 2 196 S 0.5 + 3.3 12.9 
II Enceladus eS SO? 250 S LA) + 2.1 UH 0.70 0.28 
Ill Tethys jk SS MOR! 530 S 0.9 + 0.6 10.2 0.73 0.30 
IV Dione NESS S< 1K © 560 S 0.7 + 0.8 10.4 0.71 0.31 
Vv Rhea ALA Se Gy 765 S 0.7 + 0.1 9.7 0.78 0.38 
VI Titan DES eNO 2575 S 0.21 — 1.28 8.28 1.28 0.75 
VII Hyperion 3 SO | DOSS SOS. IO 0.3 + 4.63 14.19 0.78 0.33 
VITI Iapetus Bese allOme 730 S (ODE + 1.5 Tear One 0.30 
IX Phoebe We Se jy we 110 0.4 0.06 + 6.89 16.45 0.70 0.34 
x Janus 110 x 100 x 80 S 0.8 +44: 14: 
XI Epimetheus 70 x 60 x 50 S 0.8 + 5.4: WS2 
XII Helene PSExenG <ati5 0.7 + 8.4: 18: 
XI Telesto 17x 14x 13 0.5 + 8.9: 18.5 
XIV Calypso Axa > st 0.6 a Gh lhe 18.7 
XV Atlas 20 x 10 0.9 + 8.4: 18: 
XVI Prometheus 70 x 50 x 40 0.6 + 6.4: Jey 2 
XVII Pandora Spr k's) <2) 0.9 + 6.4: 16: 
XVIII Pan 10 0.5 
I Ariel 156 10F 3 579 S 0.34 + 1.45 14.16 0.65 
Il Umbriel 1 y5i5< OS 586 S 0.18 + 2.10 14.81 0.68 
III Titania 4.06x 10-° 790 S Ona + 1.02 WW 0.70 0.28 
IV Oberon 3.47 x 0-2 762 S 0.24 + 1.23 13.94 0.68 0.20 
V Miranda 0.08 x 10-5 240 S 0.27 + 3.6 16.3 
VI Cordelia 13 Ove +11.4 24.1 
VII Ophelia 15 OOS +11.1 23.8 
VIII Bianca py) OLO7e +10.3 23.0 
IX Cressida 31 0.07 : + 9.5 22.2 
x Desdemona Di OO7 + 9.8 DDS 
XI Juliet 42 OFOWE: + 8.8 PND) 
XII Portia 54 0.07 : + 83 2A) 
XIll Rosalind Oe 0.07 : + 9.8 DME) 
XIV Belinda 338) O07 + 9.4 DA 
XV Puck WH 0.07 : + 7.5 20.2 
I Triton PO95 A104 ISIS) S 0.7 — 1.24 13.47 0.72 0.29 
II Nereid oP SO? 170 0.4 + 4.0 18.7 0.65 
Ill Naiad 29: 0.06 : +10.0: 24.7 
IV Thalassa 40: 0.06 : + 9.1: 23S 
Vv Despina 74 0.06 > HY) 22.6 
VI Galatea 79 0.06 + 7.6: 22.3 
VII Larissa 104 x 89 0.06 + 7.3 22.0 
VIII Proteus 218 x 208 x 201 0.06 + 5.6 20.3 
I Charon Or22 593 S 0.5 + 0.9 16.8 


7S = Synchronous, rotation period same as orbital period. 
8 Bright side, 0.5; faint side, 0.05. 
° V(Sun) = -26.8 


FA 


SATELLITES OF MARS, 1998 
APPARENT ORBITS OF THE SATELLITES ON JULY 1 


There is no opposition of Mars in 1998. The Earth is very near the orbital 
planes of the satellites of Mars on July 1, so that the apparent orbits 
approximate straight lines. For this reason, the diagram of the apparent 
orbits is not given. 


NAME 


I Phobos 


II Deimos 


DEIMOS 


SIDEREAL PERIOD 
h m s 


T3971 3:85 
30 17 54.87 


UNIVERSAL TIME OF GREATEST EASTERN ELONGATION 


31 06.6 


SATELLITES OF MARS, 1998 
PHOBOS 


UNIVERSAL TIME OF EVERY THIRD GREATEST EASTERN ELONGATION 


F5 


F6 SATELLITES OF MARS, 1998 
PHOBOS 
APPARENT DISTANCE AND POSITION ANGLE 
x RATS = 
Jan. Feb. Mar. Apr. May June 
Day 
(Oh UT) | af P, a/A P, a/A P, a/ P, a/& 12s a/\ P, 
ee 
1 6.06 +29.8 SHON ta]. 5.58 Del, 5:39)% i NOFA Aimee 24 1 ea 91S 5.16 — 68 
D 6.05 29.3 5.78 14.2 D5 Ae} 5.38 6.6 5.24 OS) 5.15 67 
3 6.04 28.8 Sa 7 13.8 Oil 2.0 5.38 6.8 5.24 OS Spis 6.5 
4 6.03 28.3 Sad. 13.3 S06 1.6 537 7.0 5723 955 Sy) 6.3 
5) 6.02 27.8 5.76 12.8 ea) 3) 5.36 Tz S23! Des) 5:15) 6.1 
6 (HOM  aPIES Sey ele.4 55 0.9 S50 fee 5.2%, = OS) Sal | ao. 
a 6.00 26.8 5.74 a9) 5.54 0.6 35) US ee 95 als Sal 
8 5.99 26.3 5.74 LMS: S15) 0.2 5.35 WAL Sve 9.4 Dalis 53 
) 5.98 DIY) Sf) 11.0 5259 0.1 5.34 7.8 2 9.4 5.14 53 
10 297] 25.4 S22 10.6 Sow 0.5 5.34 8.0 BPR 9:3 5.14 Syail 
11 5.97 +24.9 Sahl. mesel@an Sou! 0.8 3339)9 2 ol SAL) ee! 8) 5.14 - = 48 
TP? 5.96 24.4 5.70 OW) 5.51 Ihal 5.33 8.2 320) 9.2 5.14 4.6 
13 5.95 ASE) 5.70 oe 5 50) 1.4 See! 8.4 5.20 92 5.14 4.4 
14 5.94 23.4 5.69 8.8 5.49 1.8 Doe 8.5 5.20 9.1 5.14 4.2 
15 5.93 UOT) 5.68 8.4 5.49 Dall Seo 8.6 20) 9.0 5.14 3.9 
16 5:92) OER 2244 5.67 + 8.0 5.48 2.4 5.31 Seem ors SEED | USES: SI4 | 34 
7 5.91 PANES) 5.67 Td) 5.48 OF. 5.30 8.8 Saal, 8.8 5.14 3.4 
18 Sol 21.4 5.66 Wes! 5.47 3.0 5.30 8.9 Sls 8.8 5.14 Ss 
19 5.90 20.9 D0 6.7 5.46 Se S29 9.0 5.18 8.7 5.14 2.9 
20 5.89 20.4 SOE) 6.3 5.46 385) 329 Sali 5.18 8.5 5.14 Dal, 
wl 5.88  +20.0 DOA? 1 aS 5.45 3.8 29 | Bee 922 5.18 = 18.4 5.14 -— 24 
Up 5.87 19.5 5.63 55) 5.44 4.1 5.28 9.2 5.18 8.3 5.14 pL) 
23 5.86 19.0 5.62 oul 5.44 4.3 28 9.3 5.17 8.2 5.14 1.9 
24 5.86 18.5 5.62 4.7 5.43 4.6 S27 93 =a, 8.1 5.14 1.6 
De) 5.85 18.0 5.61 4.3 5.43 4.8 Es 9.4 SF a9 5.14 ile) 
26 S84) et li7eS, 5:60! |, +h; 3:9 5.42 By §.26 -- 9.4 5.17 -— 7.8 5.144 —- 1.1 
Bi 5.83 el 5.60 35 5.41 39 5.26 955 5.16 7.6 5.14 0.8 
28 5.82 16.6 9) Perot! 5.4] 39 5.26 OS 5.16 1) 5.14 0.5 
29 5.81 16.1 5.40 5.8 5.25 9.5 5.16 76) 5.14 -— 0.2 
30 5.81 15.6 5.40 6.0 5.25.1 . 53935 5.16 ee, 5.14 +021 
31 F Di80; etalon oh) 6.2 2.16 es 0 
Time from | Time from Time from Time from 
Eastern i P Eastern EF Pp Eastern FF 2) Eastern F Pp 
Elongation I Elongation Elongation I Elongation | 
hm ) h m ° hom ° h m ° 
000 1.000 62.0 2 00 0.071 240.9 400 0.990 242.0 6 00 Qe 12; OSG. 
010 0.991 62.0 210 0.206 241.6 410 0.961 242.0 6 10 0.343 61.8 
0 20 0.963 62.0 2 20 0.338 241.8 4 20 0.915 242.0 6 20 0.468 61.9 
0 30 OOMs 162.0 2 30 0.463 241.9 4 30 0.851 242.0 6 30 0.584 61.9 
0 40 0.854 62.0 2 40 0.580 241.9 4 40 O77 oe e242. 6 40 0.689 61.9 
050 OM TS aOR! 2 50 0.685 241.9 450 0.678 242.1 650 0.782 61.9 
1 00 0.682 62.1 3 00 0.778 241.9 5 00 0.571 242.1 7 00 0.859 62.0 
110 OOM Oz 3 10 0.857 242.0 Salo 0.454 242.1 710 0.921 62.0 
1 20 0.458 62.1 3 20 0.919 242.0 5 20 0.328 242.2 7 20 0.966 62.0 
1 30 OBES O22 3 30 0.964 242.0 5 30 0.196 242.4 7 30 0.992 62.0 
1 40 0.201 62.4 3 40 0.991 242.0 5 40 0.060 243.2 7 40 1.000 62.0 
150 0.066 63.1 3 50 1.000 242.0 5 50 0.076 61.0 


SATELLITES OF MARS, 1998 EZ 
PHOBOS 
APPARENT DISTANCE AND POSITION ANGLE 
July Aug. Sept. Oct. Nov. Dec 
Day 

(OLN DN AVAN P, a/A P, a/A P, a/A P, a/A P5 a/A Ds 
1 5.14 + 0.4 See LOS DAD 2255 5:77, +3421 6.35 +45.4 7.23 +54.7 
2 5.14 0.7 22 te? 5.43 22.9 5.78 34.5 6.37 45.7 7.27 55.0 
3 5.14 1.0 5223 11.5 5.44 233 519 34.8 6.39 46.1 esi a)/ 
4 5.14 1S 5.23 tio 5.45 DT 5.81 39.2 6.42 46.4 7.34 S585 
5) D515) 1.6 5.24 Was 5.46 24.1 5.83 35.6 6.44 46.7 7.38 55.8 
6 Ssl5s3 + 129 5.24 +12.6 5.46 +24.5 5.84 +36.0 6.47 +47.1 7.42  +56.0 
7 Ss15 DPD) ZS 1320 5.47 24.8 5.86 36.3 6.49 47.4 7.46 56.3 
8 Sls 2S Des) 13.4 5.48 Sp) 5.87 36.7 6.52 47.7 7.50 56.5 
9 Sel5 3} 5.26 13.7 5.49 25.6 5.89 37 6.55 48.1 7.54 56.8 
10 S215 B) 5.26 14.1 5.50 26.0 Soll Biles) 6.57 48.4 7.58 57.0 
11 5:165 + 35 5.27 +1455 5.51 +26.4 5.92. +37.8 6.60 +48.7 WES) arses 
12 5.16 3.8 S27 14.9 558 26.8 5.94 38.2 6.63 49.0 7.67 Sie 
13 5.16 4.2 5.28 Lez 5.54 272 5.96 38.6 6.65 49.4 Tp SH 
14 Selo 4.5 9) 15.6 Bo!) DES) 5.98 39.0 6.68 49.7 Tes 58.0 
15 5.16 48 29) 16.0 5.56 2729 5.99 39.3 6.71 50.0 7.80 58.2 
16 SF ab a) 5.30 +16.4 S57) 428.3 6:01 _+39.7 6.74 +50.3 7.84 +58.4 
17: Sele a) Sesill 16.8 5.58 28.7 6.03 40.1 6.77 50.6 7.89 58.6 
18 Sale, 5.8 Sl eal 5.59 29 6.05 40.4 6.80 50.9 7.94 58.9 
19 Sali 6.2 S52, 17.5 5.60 29.5 6.07 40.8 6.83 law 7.98 59.1 
20 5.18 6.5 333 WD) 5.62 29.9 6.09 41.1 6.86 SUES 8.03 5933 
21 Sal ee 0.9 6,33) RIGS) 5.63 +30.3 6.11 +41.5 G89) 5168 8.08 +59.5 
2) 5.18 TD, 5.34 18.7 5.64 30.6 6.13 41.9 6.92 Sal 8.13 S)7/ 
BS Sle 7.6 535 19.1 5.65 31.0 6.15 42.2 6.96 52.4 8.18 59.9 
24 5), 169 qe S35) 19.4 5.67 31.4 6.17 42.6 6.99 S257 8.23 60.1 
IES 5.19 8.3 5.36 19.8 5.68 31.8 6.19 42.9 7.02 53.0 8.28 60.3 
26 S208 6 S:6 Sole 202) 5:69 +322 621) §4-4333 7.06 +53.3 8.34 +60.5 
Pe) 5.20 9.0 5.38 20.6 Sill 32.6 6.23 43.6 7.09 53.6 8.39 60.7 
28 5.20 3 5.38 21.0 SL 5i).8) 6.26 44.0 TENS 539 8.44 60.9 
29 Al OF) S38) 21.4 5.74 33%3 6.28 44.3 7.16 54.2 8.50 61.0 
30 a2) 10.1 5.40 Dew SB) Masai 7 6.30 44.7 7.20 +544 8.56 61.2 
31 5.22 +10.4 5.41 +22.1 6.32 +45.0 8.61 +61.4 


Apparent distance of satellite: s = Fa/A 
Position angle of satellite: p = p, + p, 


The differences of right ascension and declination, in the sense “satellite minus primary,” are approximately 
Aa = ssinp sec (5+ Ad) 
Ad = scosp 


F8 


SATELLITES OF MARS, 1998 


DEIMOS 


APPARENT DISTANCE AND POSITION ANGLE 


Feb. Mar. Apr. May June 
a/A P, a/i P, a/A P, a/A Py a/A P, 
1 T5155 A320 NT 4s40 eT: 3968 ae SoS 48 eS O83 2 OO SON  6.7 
7 itil) 32.4 | 14.47 NES al e395) 4.7 | 13.46 Bye || MieniGl TO lt2-90 Oy) 
3 15.11 31.9 | 14.45 16:35 |913:93 4.3 | 13.45 Si) |) SSI DOM LZz89 6.4 
- 15.08 31.4 | 14.43 Gye) | sisyII 3.9 | 13.44 Sle 3209) 9.0 | 12.89 6.2 
5 15.06 30.9 | 14.41 MISES ees. 90) Byey || HisKiy S905} 13208, 9.0 | 12.88 6.0 
6 15.049 305m el4-39 5:3) | 51S 885 ers.) Si Goes e307) 9 910) 5 R288 Be. S 
I 15.02 30.0 | 14.37 14.9 | 13.86 2.8 | 13.40 Cr a. 00 9.0 | 12.88 5.6 
8 14.99 29.5 | 14.35 14.4 | 13.85 2AM 13:38 Gay || IGWUS 9:0" | 12.87 5.4 
9 14.97 29.0 | 14.33 13:99 13283 TAY) | ASHE 6:7 | 13:05 9.0 | 12.87 5) 
10 14.95 28.5 | 14.31 leisy |p ike igesh 7am) 13-36 6.8 | 13.04 tye) || Ae59/ 5.0 
10 OS eee 2S. Ola 20 eS ON mel S SON agtes 5) elS:5500 e700) ie 3:050 ee S.9) aimless aes 
12 14.91 ZED) Ace Sela S ES) i alshss) Tee \| WS 0P2 8.9 | 12.86 4.6 
13 14.88 27.0 | 14.26 S16 O67 EiS32 TS Nel ocO2 8.8 | 12.86 4.3 
14 14.86 26.5 | 14.24 USP UIT) EMO PA || WING ial] TS Wee O 8.7 | 12.86 4.1 
i) 14.84 26.0 | 14.22 2S StS 73a Os TS.30 7.6) 13.00 8.7 | 12.86 3 
16 Neyer apey ME) SSIIOa7/ elses Mam) e 5 |) isi Meeerect nea) oo | wile Yon | S65 
17 14.80 25.0 | 14.18 10.3 | 13.70 Oy || als Eel PIAS) 8.5 | 12.86 3.4 
18 14.78 24.6 | 14.16 9.8 | 13.68 Pele 20 3.01, 12298 8.5 | 12.86 32 
19 14.76 24.1 | 14.14 °9.4 | 13.67 14> || 13:25 Sot t2 97 8.4 | 12.85 aN) 
20 14.73 DLO A L413 Sal) W365 ene 1S:24, 8.2 | 12.96 $3 jj) 12:85 2.7 
21 ee eee OU ee ec Se a SLO4e 2, ON Loe ae SS i U2 OOm CFS? ant. 6 ammo 
22 14.69 22.6 | 14.09 Si We 13162 23) Wali 8.4 | 12.95 8.1 | 12.85 21 
23 14.67 22.1 | 14.07 TO WN Vo Ol 22 | PALAU, Si) lig leos 8.0 | 12.85 ites, 
24 14.65 21.6 | 14.05 HP s\n Roy] DON VS t9 8.6 | 12.94 (Sy | PNAS) 1.6 
PS 14.63 21.1 | 14.04 Gyisk PM sleiexs a2 es S74) W293 7.7 | 12.86 i 
26 V4/6lp ©2016" | 4 O20 O.4 WES 56) 035 UST 87, O88 iG le sop 0 
27 14.59 20.2 | 14.00 SHU | Here: Sef ||P alswake CH || RY TD) | 12.86 0.8 
28 14.57 TOT Mel oose get So i .oS 4.0 | 13.15 8.8 | 12.92 7.3) 12.86 0.5 
ay) 14.55 LOEZ iheeysy? 4.3 } 13.14 Seco Te V28OR O02. 
30 14.53 18.7 13.51 foe LSP (= S.9 ae T2.o TON) V286r ose Ou 
31 1451 +18.2 SAC) Mea 12. 90=— =. 6.9 
"ee EP AE ie ee as ell 
Slongation Elongation Elongation Elongation 
hm ° hm ° hom ° hom | ° 
0.00 1.000 61.0 8 00 0.088 245.4 16 00 0.984 240.9 24 00 0.262 62.4 
0 40 0.990 60.9 8 40 0.225 242.7 16 40 0.951 240.9 24 40 030 2 Oleg 
1 20 0.962 60.9 9 20 0.357 242.0 17 20 0.899 240.8 25 20 OS 1S ye Olz7 
2 00 0.915 60.8 10 00 0.482 241.7 18 00 0.830 240.7 26 00 0.628 61.5 
2 40 0.851 60.8 10 40 0.598 241.5 18 40 0.746 240.6 26 40 0.730 61.4 
3 20 0.770 60.7 11 20 0.703 241.4 19 20 0.647 240.5 27 20 0.817 61.3 
400 0.675 60.6 12 00 0.794 241.3 20 00 0.535 240.4 28 00 0.889 61.2 
4 40 0.567 60.4 12 40 0.870 241.2 20 40 0.414 = 240.1 28 40 0.943 61.1 
5 20 0.448 60.2 13 20 0.930 241.2 21 20 0.284 239.7 29 20 0.980 61.1 
6 00 OZ oS 14 00 0.972 241.1 22 00 0.150 238.4 30 00 0.998 61.0 
6 40 ORS Toso 14 40 0.995 241.0 22 40 0.014 211.0 30 40 0.997 61.0 
720 0.050 53.2 15 20 0.999 241.0 23 20 0.126 64.1 


SATELLITES OF MARS, 1998 Fo 
DEIMOS 
APPARENT DISTANCE AND POSITION ANGLE 
July Aug. Sept. Oct. Nov. Dec 
Day 
(Oh UT) a/A P, a/& P, a/A P, a/A P, a/A P, a/A P, 

1 12.86 + 0.4 | 13.06 +10.9 | 13.56 +22.8 | 14.43 +346 | 15.88 +461 | 18.10 +55.4 
2 12.87 0.7 | 13.07 11:3) | 858 23.2 | 14.46 B50 Nm o4: 46.5 | 18.19 S5)/ 
3} 12.87 1.0 | 13.08 11.6 | 13.60 23.6 | 14.50 35.4 | 16.00 46.8 | 18.28 56.0 
4 12.87 ESF 13209 12.0 | 13.63 24.0 | 14.54 35.8 | 16.06 47.1 | 18.38 56.2 
5 12.88 16) | 811 12.4 | 13.65 24.4 | 14.58 86:20 e lode 47.5 | 18.47 56.5 
6 12.88 1.9 |13:12 “5412'8 | 13167 +248 | 14.62 +36.6 || 16.19 ~447.8 | 18.57 +56.7 
if 12.88 22 Ne Vals boa 18970 25.2 | 14.66 SOM G25 48.2 | 18.67 57.0 
8 12.89 2.6 | 13.14 yey || US 25.6 | 14.70 Ses) |) 1@.3h 48.5 | 18.77 Si 
9 12.89 BD | AM IKS 1B OR ess: 26.0 | 14.74 BCU || MG Sss 48.8 | 18.87 SS 
10 12.90 See lea 14.3 | 13.77 26.4 | 14.78 38.1 | 16.45 49.1 | 18.97 Sell 
11 TOO S25 elon) etl] | SPS OR 2O28) aie IES ee S Sco mmetOvo ile 49-5508 eco. 
te 12.90 3D | 1320 SOM S883 27.2 | 14.87 38.9 | 16.58 49.8 | 19.19 58.2 
13 12.91 4D 321 15.4 | 13.85 27.6 | 14.91 B92 NPGS SOW Lo9 58.4 
14 ZS 4.5 | 13.23 15.8 | 13.88 28.0 | 14.95 390 || WG. 50.4 | 19.40 58.6 
15 EOD 49 | 13.24 OD | Ws Shl 28.4 | 15.00 40.0 | 16.79 SO IOS? 58.9 
16 1293 + 5.2) 71326 —+116.6: | 13194) 28.8 | 1S04 +404 | Tels7 £51. | 1963 +591 
17 112298 5) |) gS2y/ WD: |) EO IPN NS OS 40.7 | 16.94 51.4 | 19.74 S9).8) 
18 12.94 Sea lls) 17.4 | 13.99 29.6 | 15.14 41.1) 17.02 Sule |) TOL Eek65 SS) 
19 12.95 O25 | PIs 17.7 | 14.02 BUOT los 41.5 | 17.09 52.0 | 19.98 S)7/ 
20 12.95 CIO mp no! 18.1 | 14.05 30.4 | 15.24 41.8 | 17.17 28) |) ZOO 59.9 
21 12°96, + 16.9))|913.340) F185. | 1409161 +3057 15:28 m+42°2 W725 52.6 | 2022 +6021 
22 27, 7.3 \43.36 18.9 | 14.12 Be aS 34 42.6 | 17.33 SE) |, 2035) 60.3 
23 12.98 TE A13138 19.3 | 14.15 S125 lS 39 42.9 | 17.41 3312) 1 20347, 60.5 
24 12.98 8.0 | 13.40 19.7 | 14.18 31.9 | 15.44 43.3 | 17.49 53.5 | 20.60 60.7 
aS 12799) 8.3 | 13.41 20.1 | 14.22 39.3 | NSS) 43.6 | 17.57 S85 || A073} 60.9 
26 13.00 + 8.7 | 13.43 +205 | 14:25 ~+32.7 | 15.54 +44.0 | 17.66 +54.0 | 20.86 +61.1 
27) 13.01 Oa 20.9 | 14.28 B3e sie lS:60 44.4 | 17.74 54.3 | 20.99 61.3 
28 13.02 9.4 | 13.47 23) lA SZ 3151.5) | ll sites) 44.7 | 17.83 54.6 | 21.13 61.5 
29 13.03 9.8 | 13.49 21.7 | 14.35 3B |) W557i Asm eli. 92 SA) | N27 61.6 
30 13.04 LO2 |e 13:52 PP WAS) ae easy May, 4 Ad Ae 8 Ol too. 2. 2a 61.8 
31 [S055 10/5) 1S 4) F225 15.82 +45.8 MSS 345250) 


Apparent distance of satellite: s = Fa/A 
Position angle of satellite: p = p, + Pp, 


The differences of right ascension and declination, in the sense “satellite minus primary,” are approximately 
Aa = ssinp sec (6+ Ad) 


Ad = scosp 


lel SATELLITES OF JUPITER, 1998 


APPARENT ORBITS OF SATELLITES I-V AT OPPOSITION, 
SEPTEMBER 16 


Orbits elongated in ratio of 3 to | in direction of minor axes. 


NAME MEAN SYNODIC PERIOD NAME SIDEREAL PERIOD 
ad ham s d d 
Vv Amalthea 01157 27.619= 0.498 236 33 XHI Leda 238.72 
I Io 1 18 28 35.946= 1.769 860 49 Xx Lysithea 259.22 
II Europa Sse OOm Do Oo ky, XII = Ananke 631 
Ill Ganymede 7103'59'35.856 =" 71667387 22 XI Carme 692 
IV Callisto 16 18 05 06.916= 16.753 552 27 VIII Pasiphae 735 
VI Himalia 266.00 IX Sinope 758 
VII Elara 276.67 
SATELLITE V 


UNIVERSAL TIME OF EVERY TWENTIETH GREATEST EASTERN ELONGATION 


d h d h d h d h d h 
Jan. 016.8 | Mar. 2110.4 | June 903.8 | Aug. 2720.7 | Nov. V3") SSS: 

10 16.0 31 09.6 1903.0 | Sept. 6 19.8 2 ADF 

2015.2 | Apr. 10 08.8 29 02.1 HE T89 VW) Dec: 511.8 

30 14.4 2008.0 | July 901.2 26 17.9 Heyy Wil 0) 
Feb. WISH) 30 07.2 LOO Sal Ocr 6 17.0 Zor Oe 

1912.8 | May 10 06.4 28 23.4 16 16.1 35 09.4 
Mar. 1 12.0 2005.5 Aug. W225 26 15.2 

IE Ce 30 04.7 1721.6 | Nov. 5 14.4 


MULTIPLES OF THE MEAN SYNODIC PERIOD 


d h d h d h d h 
hohe OF L20 Gucertesee PH weep WA Nsdieron ste By GUS lla hos caren Te OS 
28sec. O23. Terese Ae Sy OT 2 eas... Da $23555 Il See 8H) 113 
Seep tats ee 1-9 Sin cwvtea 3. HEB 1 WB Bass. Gy D1 1s aS eee Say 23:2 
Ares sks Lag 23.8 Dc rtaehe. 4 ei lliO |) 14 Bins... OF §23:4) lO eee oy le? 


Dies pndee Dip LN Scola. oer. 49 23;:07 |) lS aceon ie AAs O Src Dee 23.2 


SATELLITES OF JUPITER, 1998 Hil 
DIFFERENTIAL COORDINATES FOR 0° UT. 


Satellite VI Satellite VII Satellite VI Satellite VII 
Date Date 
Aa Ad Aa Ad L Aa Ad Aa Ad 
m s , m Ss m Ss , m Ss V2 

Jan. —1 - 035 + 21.5 | — 032 _ July 2 | +222 + 5.7 | + 009 + 22.4 
3 050 207A O15 6 285 10.1 | — 015 PS) 

7 1 05 19.8 | + 003 : 10 2 46 14.4 0 39 20.3 

11 118 18.7 0 20 9.7 14 2 55 18.7 1 04 18.8 

15 131 VS) 0 37 10.3 18 3 02 22.8 1 28 16.9 

19 | — 143 + 16.1 | + 053 — 10.9 22 | + 307 + 26.8 | — 152 + 14.7 

23 | Psys) 14.6 1 08 GUS} 26 3 08 30.4 ANS) QD 

27 2 05 13.0 e238 11.6 30 3 08 Be 2 36 9.4 

31 ORNS) Gs} 2 11.7 | Aug 3 3 05 36.6 254 6.5 

Feb. 4 2 24 9.5 1 50 Lege dt 2 59 39.2 310 34 
+ A + 7.6 | + 203 — 11.6 NP See Sy + 41.3 | -— 323 + 0.1 

192 239 Sei) 215 ila IS) 2 40 42.9 sys -— 3.) 

16 2 46 3H 2 26 11.0 19 POLI 44.1 3 36 6.3 

20 Rel te AA) 2 36 10.5 28 DD 44.7 337 9.4 

24 200) - 0.5 IAI) 27 S35) 449 3) 335) 12:2 

28 | — 300 — 2.6 |]+ 254 _ Syl || sb IN Sho) + 445 | — 325 — 14.9 

Mar. 4 3 03 4.7 3 02 Sept. 4 IGS 43.7 314 17.2 
8 3 05 6.8 310 0 54 42.4 259 19.3 

12 307 9.0 BaG Le 031 40.7 2 40 21.0 

16 307 Whol 322 + 008 38.6 219 22.4 

20 | — 307 — 13.2 | + 327 - 45 20 | - 016 + 36.2 | — 156 — 23.4 

24 305 ee) 8) ay 24 0 39 33.4 Sil 24.1 

28 3 03 Ajay) 3 36 28 1 02 30.4 105 24.4 

Apr. 1 3 00 19.1 3 39 — 0.9 | Oct. Z Jed) 2a 0 38 24.5 
5 2 56 20.8 3 41 + 0.5 6 1 46 237 Ne 012 24.4 

9 | — 250 i ee ee ee + 10 | — 206 + 20.2 | + 015 — 23.9 

13 2 44 24.0 3 43 3 14 D5 16.6 041 235 

a ey 25.4 3 43 4.7 18 2 42 12.9 1 07 WAS) 

Dil 2 28 26.6 3 42 22 Qi 9.3 131 alee) 

25 218 27.6 3 40 26 Sel Dai 105933 20.4 

29 | — 208 — 28.3 | + 338 + 9, 30. | — 3 22 Fe Ae et -— 19.1 

May 3 1 56 28.8 B34 10.7 | Nov. 3 3132 - 14 2 34 17.8 
7 1 43 29.0 329 sal 7 3 39 47 251 16.3 

11 1 28 28.9 S95) 13.6 1] 3 45 79 307 14.8 

15 janes} 28.4 316 15.0 15 3 48 10.9 321 13.3 

19 | — 057 a boa cs oo 0) s) + 16.4 19 | — 350 — 13.8 | + 333 — 11.7 

23 0 39 26.3 259 fee 23 3 50. 16.5 3 44 10.1 

Diy 021 24.7 2 48 18.9 Di 3 48 19.1 3) 8.4 

31 | -— 002 MG 2 36 20:0" | sec 1 yeas) 21.4 359 6.8 

June Ab |) ceeKoyy/ 20,2 DUS 21.0 5 3 40 23.5 405 all 
8 | + 036 — 17.4 | + 208 + 21.8 9 | -— 334 — 25.4 | + 409 -— 3.5 

te 0 56 14.3 ay PES) 13) 3 26 27.0 411 1.8 

16 115 10.8 ] 34 23.0 17 Sale 28.4 4 13 - 01) 

20 if 333) 6.9 i 15) Wey? 21 3 07 29.6 413 + 1.5 

24 150 - 2.9 0 54 2322 25 2 56 30.5 411 335)! 

28 | + 207 SS ae 3e + 22.9 29 | —- 244 — 31.1 + 409 + 47 

July Date. + 5.7 | +009 + 22.4 Sy" | ee Sal — 31.5 | + 406 + 6.2 


Differential coordinates are given in the sense “satellite minus planet.” 


FI 


SATELLITES*t OF? JUPITER) 1998 


DIFFERENTIAL COORDINATES FOR 0° U.T. 


Satellite VIII 
Date 
Ao Ad 
m s , 
Jan. -3 = 552 + 17.8 
i 5 54 tes 
/ 52 17.4 
af 5 46 17.4 
Feb. 6 S35 17.6 
16 -— 519 + 18.1 
26 459 18.8 
Mar. 8 434 19.8 
18 403 21.0 
28 3 28 223 
Apr. | — 249 + 23.8 
17 2 05 2oyl 
Qi mw 26.4 
May Wy, — 026 27.4 
7 + 027 27.9 
My + 121 + 27.9 
June 6 2 16 Die 
16 3 09 25.8 
26 3 59 23.6 
July 6 4 46 20.5 
16 + 529 + 16.8 
26 607 12.3 
Aug. 5 6 40 7.4 
15 7 06 + 2.1 
25 26 — 3.3 
Sept. 4 am etl Sh) = 8.7 
14 7 46 13.8 
24 7 46 18.4 
Oct. 4 739 225 
14 7 26 26.0 
24 + 707 — 28.9 
Nov. 3 6 43 oh Be 
13 6 16 33.2 
23 5 45 34.7 
Dec. 8 rout) 36.1 
13 + 435 — 37.3 
23 358 38.4 
33. + 320 — 39.6 


Satellite [IX 
Aa 


m Ss 
001 + 
0 46 : 
129 
Zag 
Zoi 


B29 + 
405 
439 
Sl 
5 40 


6 07 + 
6 32 
655 
WAS 
USS 


748 + 
8 00 
8 10 
817 
821 


8 22 + 
8 20 
814 - 
8 04 ~ 
749 


7 28 = 
703 
6 32 
5 56 
S15) 


4 30 - 
3 42 
201 
2 00 
108 


017 = 
0 32 
Pts, - 


Satellite X 

Ad Aa Ad 

, m Ss , 
18.2 1 30 + 28.4 
18.9 058 Se], 
19.9 025 21.4 
20.9 007 15.8 
22.0 0 36 9.4 
2341 101 + 2.4 
24.2 {iat - 48 
poo) 141 11.9 
26.1 1 56 18.7 
26.7 ZOF 24.9 
27.0 Dal — 30.4 
27.0 219 35a 
26.7 DIN 38.6 
25.9 2 20 40.9 
24.9 214 Alege, 
23.4 205 — 40.8 
21.4 1S 38.0 
19.2 131 33.1 
16.6 106 26.0 
13.6 0 35 16.8 
10.4 002 - 58 
7.0 0 42 + 6.5 
3.4 1 21 19.1 
0.3 SF 30.8 
3.9 DORs 40.3 
7.4 2 36 + 46.4 
10.7 2 34 48.2 
13.8 2.15 45.8 
16.5 1 43 39.5 
18.9 1 02 30.3 
21.0 018 + 19.3 
22.7 0 25 + 7.8 
24.2 103 = EGY 
25.4 1 33 13.7 
26.4 LS 22.4 
271 2 13 — 29.6 
271 SD) 35.0 
27.9 225 — 38.9 


Differential coordinates are given in the sense “satellite minus planet.” 


SATELLITES OF JUPITER, 1998 


PR3 


DIFFERENTIAL COORDINATES FOR 0? U.T. 


Satellite XI | Satellite XII 
Date 
Aa Ad Ao Ad 
| m Ss ’ m Ss t? 
Jan. -3 - 701 — 58.3 + 647 — 26.9 
7 6 44 58.7 6 59 22.9 
ila 6 25 58.8 708 19.1 
27 6 04 58.6 714 15.6 
Feb. 6 5 40 57.9 Ah 12 
16 - 513 — 56.8 + 718 -— 92 
26 445 550 GAS) 6.5 
Mar. 8 414 53.3 AND 4.0 
18 3 41 50.9 702 1.9 
28 3 06 48.0 6 52 -— 0.0 
Apr. 7 — 229 — 44.6 + 638 sd lees) 
17 Sil 40.8 6 22 2.9 
2 111 36.5 6 03 4.0 
May i — 029 31.8 5 40 4.9 
17 + 013 26.7 SAS, SLi 
2 + 056 — 21.2 + 447 + 6.4 
June 6 1 39 15.4 416 al 
16 DEAN 9.2 342 7.8 
26 301 - 28 3 05 8.7 
July 6 3 39 + 3.8 225 9.6 
16 + 414 + 10.6 + 143 + 10.6 
26 445 17.4 058 11.8 
Aug. 5) 5 10 24.1 + O11 12.9 
15 5 29 30.5 — 037 14.0 
25 5 42 36.5 1 26 14.9 
Sept. + 547 + 41.9 Seis + 15:3 
14 5 45 46.3 258 P52 
24 Sy Sh 49.7 3 38 14.2 
Oct. 4 5) 7A 52.0 abil IPAS) 
14 5 00 53.0 435 10.0 
24 + 433 + 52.8 — 449 + 6.8 
Nov. 3 402 Sls) 450 + 3.4 
13 327 49.2 4 40 —- 0.2 
23 2 49 46.0 420 3 
Dec. 3 210 42.2 3 50 6.5 
13 + 129 + 37.8 -— 314 — 88 
De 0 47 33.0 83 10.6 
ee) + 006 + 27.9 — 149 = 1157 


Satellite XIII 


Aw Ad 
m $ , 
016 + 24.6 
0 46 24.2 
114 goal 
1 40 21.1 
2 02 18.4 
219 + 15.0 
2 30 10.9 
282 6.2 
224 stem Ne) 
2 04 - 3.9 
Joh — 84 
047 11.9 
004 13.9 
056 14.6 
1 45 13.9 
2 30 — 12.2 
3 09 9.7 
BIOS) 6.7 
401 - 3.2 
413 + 0.6 
414 + 4.5 
403 8.6 
3 39 12.6 
3 03 16.4 
Delis) 19.7 
117 + 22.4 
014 23.9 
050 24.1 
1b 5X0) 22.6 
2 39 19.5 
Bl + 14.8 
BPA 8.9 
Beil he Ae) 
254 - 3.9 
2 10 9.3 
114 — 13.1 
014 15.0 
0 43 - 15.1 


Differential coordinates are given in the sense “‘satellite minus planet.” 


F14 


SATELLITES*OF! JUPIFER S998 


DYNAMICAL TIME OF SUPERIOR GEOCENTRIC CONJUNCTION 


Jan. 


Mar. 


Apr. 


dd hem 
0 14 26 
2 08 57 
4 03 27 
VA SM) 
7 16 28 


9 1058 
11 05 29 
39 
14 18 30 
16 13 00 


18 07 31 
20 02 01 
21 20 32 
2Splisi02 
25 09 33 


27 04 03 
23 01 53 
24 20 23 
26 1454 


28 09 24 
30 03 55 
31 22 25 
+2 1655 
4 11 26 


6 05 56 
8 00 26 
ON SIST, 
TELE 27 
13 07 57 


15 02 27 
16 20 58 
18 15 28 
20 09 58 
22 04 28 


Pip PI) He} 
25 17 28 
27 1158 
29 06 28 

10058 


2 19 28 
41357 
6 08 27 
8 02 57 
DP BY 


May 


June 


July 


SATELEME 


d hm 
11 15 56 
13 10 26 
15 04 55 
162325 
18 1754 


20 12 24 
22 06 53 
24 O1 23 
PS) Nays 
27 14 21 


29 08 50 
SOs) i) 
1 21 48 
31617 
5 10 46 


0S 15 
8 23 44 
10 18 13 
12 12 42 
14 07 10 


16 O1 39 
17 20 08 
19 14 36 
21 09 04 
23 03 33 


24 22 O1 
26 16 29 
28 10 57 
30 05 26 

1 23 54 


3 18 21 
5 12 49 
70717 
901 45 
10 20 13 


12 14 40 
14.09 08 
16 03 35 
i208 
19 16 30 


21 1057 
23 05 24 
24 23 S| 
26 18 18 
28 12 45 


July 
Aug. 


Sept. 


Oct. 


dy (heem 
30.07 12 
101 39 
,2 20 06 
4 14 33 
6 08 59 


8 03 26 
SP 3? 
11 1619 
13 10 45 
1505011 


16 23 38 
18 18 04 
20 12 30 
22 06 56 
24 O01 22 


25 19 48 
27 14 14 
29 08 40 
31 03 06 
P2132, 


3.1558 
5 10 24 
7 04 50 
8 23 16 
10 17 42 


12 12.07 
14 06 33 
16 00 59 
LF 1M2S 
19° 13051 


21 08 17 
23 02 43 
24 21 09 
26 15.35 
28 10 00 


30 04 27 
122 53 
SG) 
Salles 
706 11 


9 00 37 
10 19 03 
12 13 30 
14 07 56 
16 02 23 


Oct. 


Nov. 


Dec. 


dh om 
17 20 49 
1915 16 
21 09 42 
23 04 09 
24 22 36 


26 17 03 
2330 
30 05 57 
1 00 24 
21851 


41318 
6 07 46 
8 02 13 
9 20 41 
11 15 08 


13 09 36 
15 04 04 
16223) 
18 16 59 
2027 


22. O59 
24 00 23 
251851 
ZT A320 
29 07 48 


1 O2s17 
2 20 45 
41514 
6 09 42 
8 04 11 


9 22 40 
111708 
LS ae 
15 06 06 
17 00 35 


18 19 04 
20 13 34 
22 08 03 
24 02 32 
25 21 01 


PN SSM 
29 10 00 
31 04 30 
B222759 


SATELLITES OF JUPITER, 1998 F15 
DYNAMICAL TIME OF SUPERIOR GEOCENTRIC CONJUNCTION 
SATELLITE II 
d hm d hm d hm atv hl 
Jan. HOSS May 12ETIS3 Aug. ZAT9 Oct. 23 01 39 
415 20 1607 14 6 00 30 26 14 50 
8 04 44 19 20 35 9 13 40 30 04 02 
11 18 09 23 09 56 13 02 50 Nov. 217 14 
15 07 34 26 23 16 161559 6 06 28 
18 20 59 30 12 36 20 05 08 91941 
22 10 24 June 3 01 56 23 1817 13 08 56 
25 23 49 615 15 QOie2s Lo22t 
edi A ames 10 04 34 30 20 33 OMT 
Mar. 232229 [Say Sept. 3 09 41 24 00 43 
27 11 54 1707 10 6 22 48 27 14 00 
3101 18 20 20 28 10 11 56 Dec. 103 17 
Apr. 3 14 42 24 09 45 1401 03 4 16 36 
7 04 06 27 23 02 171411 8 05 54 
10 17 29 July 12 ES 2103 18 111914 
14 06 53 101933 24 16 26 15 08 33 
17 20 16 8 14 48 28 05 33 18 21 54 
21 09 39 12 04 03 Oct. 118 42 ADV OENS) 
24 23 02 Sm 7, 5 07 50 26 00 36 
DES OD Ds) 19 06 30 8 20 59 2ON3S8 
May 201 47 22 19 43 12 1008 
5 15 09 26 08 56 15 23 18 
9 04 31 29 22 08 19 12 28 
SATELLITE III 
dy jhe im dad) haem qd) chs am dg shea 
Jan. 3 19 24 May 13 03 56 Aug. 70258 Oct. BieL ORT 2 
0) 23: 52 20 08 12 14 06 24 Nov. 72249 
18 04 21 PLY SGP BESS 21 09 47 15 02 30 
25 08 50 June 3 16 36 28 13 07 D2ANOr luli 
10 20 42 Sept. 4 16 24 29 10 08 
Mar. 25 21 02 18 00 44 11194] Dec. 6 14 05 
31 O01 32 25 04 42 18 22 56 13 18 07 
Apr. 706 01 July 2 08 36 26 02 11 ZOW2AIS 
14 10 28 9 12 26 Oct. 3 05 28 28 02 22 
DAS 16 16 11 10 08 48 
As WEE AT DE NOISZ ISAS 2 
May 5) 23) Sil 30 23 27 24 15 39 
SATELLITE IV 
de ahem link = ipl day hein deh ym 
Jan. 8 13 49 May 61451 July USS) Ved) Oct. 20 10 24 
25 10 32 23 10 28 Aug. 15 00 40 Novy. 6 02 01 
June 9 05 27 hissy IMG} II Mek 89) 
Apt. Ze 25 23 40 Sept. 17 05 26 Dec. DNAS 
19 18 42 July 12 1658 Oct. 3 19 40 26 06 54 


FRG SATELLITES‘ OF) JUPITER, 1993 
DYNAMICAL TIME OF GEOCENTRIC PHENOMENA 


JANUARY 
d h “m d hy sm d Jie ten) d h om 
0 015 IMIG IE. 8 318 Il.Oc.D. | 16 IESE 1.Oc.D. | 24 {P25 EA Bi oF 
3) 3)8 IIL.TrI. 7 43 LEBER: 14 48 LEc:R. 11 46 I.Sh.1. 
5 04 Verne 11 26 IV.Oc.D. 20 57 JIM 13,32 Tee: 
Teva II.Sh.1. 12 41 ital : 1403 SDB. 
UA JNO Gatielé.; Seif Sher 17 0 23 tae 
8 59 IV.Sh.I. 1459 Mesias 1 42 I.Sh.1. D5 701 Ill.Oc.D. 
10 48 MESHE: 15 44 SDE: 1 44 Vine: 811 IV.Oc.D. 
Sate 1wOXe.)D) HOMIS IV.Oc.R. 3h 15) Bisel ss, 8 24 OGD: 
13r38i IV.Sh.E. 18 49 IV.Ec.D. 3 16 IV.Sh.I. Pi a2 TREGR: 
16 29 PEGRS 23 20 IV.Ec.R: 432 II.Sh.E. 12 42 III.Ec.R. 
7 46 IV.Sh.E. 12 54 IV.Oc.R. 
] 0 29 Il.Oc.D. 9 9 49 1.0c.D. 913 ene ls 13 03 IV.Ec.D. 
507 ILEc.R. WAS) LER: 951 L.Sh.I. 17 29 IV.Ec.R. 
10 40 eral Vey, USI Ga, Si ibee 22 24 Il.Oc.D. 
iS? LSh.1. 23 04 II.Sh.I. 12 08 LSheE: 
V7 Jil bel Bs 26 PENS ILEc.R. 
13 49 L.Sh.E. 10 Ons Ines 18 23) IlI.Oc.D. 5 46 ieiGele 
i 35) IeShlE: 6 22 1.0c.D. @Is LSE 
2 748 hOc Dp) Tl EIR AE 8 41 Li. BopRe 8 03 Lick, 
1058 LEc.R. 156 LSh.1. 917 LER: 8 32 Shee: 
18 43 Oeibele 929 [aicE? 19 33 I.Oc.D. 
2027 DeSbe OBIS shee 283i ThBom 127 2 54 1.Oc.D. 
Diss QUADELE: 22 02 IlI.Oc.D. 541 I.Ec.R. 
BAG IL.Sh.E. 19 3 44 Pete 16 41 WET 
11 4 20 1.Oc.D. 4 20 Shel 17 38 II.Sh.1. 
3 5 10 rel? 440 II.Ec.R. 601 ine: 19 33 IL Tre: 
601 Je Siaele 722 REC Re 6 37 EShE: 20 29 IESE: 
WOH Jeahel S. 16 43 II.Oc.D. 
8 18 ShE: 2101 Il.Ee.R. | 20 052 LOcD, | 28 0 16 lates 
WSs) III.Oc.D. 3 46 LER: 0 44 L.Sh.1. 
12 1 42 G8 Bia 13 49 heated Bee hePrekse 
4 0 39 Ill.Ec.R. USES I.Sh.1. 1501 WE Sbel 3 01 TeSheEs: 
2 18 Oc: 359 tee 16 41 Rel biel 3. 2125 I.0c.D. 
5 26 LEc.R. 442 JeSiiee Fis TE SheE: 2 28 Il. Tr.I. 
13 54 WK DY. 22 50 IM@ies BY 22 14 iMieae 23 18 II.Sh.1. 
18 25 DER? 22 49 CShee 
23 40 Link 13 eS 1 PBC Re 29 010 LEc.R. 
1058 Per Ts 21 031 L.Tr.E. 1 07 WERE: 
>) 0 30 LSh.1. i228 esi 1 06 TShiEe 2 3 IIL.Sh.E. 
158 ick: 13 50 Mele. 16 57 I.Tr.I. 11 49 TLOC-D, 
247 I.Sh.E. 15 14 Il.Sh.E. 19 16 IL.Sh.1. 15:34 II.Ec.R. 
20 48 Oc 20.12 ied Bp We 19 23 Oc. Db. 18 47 LG i 
23 55 ECR: 20 54 I.Sh.1. 20 35 HeTreE: 19 12 Tesiacle 
22 30 eae 22 15 LEc:R. 21 04 RIE: 
6 8 08 II. Tr.I 23:11 I.Sh.E 22152 I.ShE. 21 29 LSIRE. 
9 46 I.Sh.1 
11 00 Mba s 14 vay ONG Bea 22 8 58 WOc.DeT30 15 56 IRCA DE 
12 36 IL.Sh.E 15 14 IL.Sh. 1. 1295 I. Ee.R. 18 39 I.Ec.R. 
18 11 bee 16 06 Ill. Tr.E. 16 45 Leltirds 
18 59 Stony Wie Ion BY 17 18 Sak & 31 6 07 IETrl, 
20 28 Jel Pris Be: 18 50 Lip SheEs 19 02 Telnaes Opi. II.Sh.1. 
AL TS I.Sh.E. 20 19 I.Ec.R. 19 34 1.Sh.E 8 59 eink. 
947 IEShiE. 
7 759 1WA lek Its) 608 TOCWOS: rao SRS OGIO: Jeo 0 ei 
RNS) IL.Sh.1. 1019 II. Bc.R. 16 44 I.Ec.R. 13 41 1.Sh.I1. 
11 38 IIL.Tr.E. 14 43 L.Tr.l 15 34 LTR 
14 49 Shes 15 22 I.Sh.1 24 3 14 Wik 15 58 [ShE. 
15.19 VOW: 17 00 LTrE 419 IL.Sh.1 
18 24 RECURS 17 39 1.Sh.E 6 07 I.Tr.E 
710 ISh.E 
I. Jan. 14 Il. Jan. 15 Ill. Jan. 11 IV. Jan. 8 
ipl Wp) —— 00) ao = +190 yo = 40h) pa aw rio, Opy O)0) DisteO5 yy = +02 


v2 =+3.9, y2= +0.2 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; Tr., transit of the satellite: 
Sh., transit of the shadow. 


FRA 


SATELLITES OF JUPITER, 1998 
CONFIGURATIONS OF SATELLITES I-IV FOR JANUARY 


UNIVERSAL TIME 


EAST 


ae eee S 


21.0 
22.0 
24.0 
25.0 


LL va 


hy \" by 


10.0 
11.0 
12.0 
13.0 


PHASES OF THE ECLIPSES 


EAST 


+r 


S 


I] WEST 


EAST 


Or 


] WEST 


IV 


F18 SATELLITES: OF JUPITER; 11998 
DYNAMICAL TIME OF GEOCENTRIC PHENOMENA 


FEBRUARY 
d h om d h om d h om h om 
1 10 26 I.Oc.D.] 8 12 PAS) LOD is 16 58 PECR: 16 34 LOc.D: 
1131 Il.Oc.D. 15 03 JI ELH Re 2036 | Hl.Oc.D. 18 53 LEGR. 
13 08 ECAR: 1603 | If1.Oc.D. ; 
1642 | TILEeR. 2043s) TSEC Re a6 044 | IILEc.R. HOS a) HEROD: 
6 56 II.Oc.D. 446 | Ifl.Oc.R. 
2 114 W.OcDi-} 49 405 IL.Oc.D. 10 00 II.Ec.R. 9 46 Il.Oc.D. 
449 HBe-R. 724 IL.Ec.R. sy? 155 af 12 36 Il.Oc.R. 
748 iba 950 LTrI. 11 59 I.Sh.I. 13 54 I.Sh.1. 
8 10 I.Sh.1. 10.05 I.Sh.1. 1409 LEE. 13 54 I.Tr.1. 
10.05 ei; 1207 Elba ce 14 16 L.Sh.E. 16 10 I.Sh.E. 
10 27 I.Sh.E. 12 L-Sh.E: 1611 19 het oe 
Mpa IV.Tr.I. 17 9 02 1.0c.D. 
21 32 IV.Sh.1. 10 7 00 I.Oc.D. 27 LEc.R. 11 04 LEeD: 
22 38 IV.1RE. 931 I.Ec.R. 133 LOR? 
22 26 ibaa 18 119 I.Tr.L. 
3 VS87 | 1V/SirE, 22 54 IL.Sh.I. 131 IL.Sh.I. 409 II.Sh.1. 
457 Oc Dp! 411 I Tr.E. 413 Tie 
7 36 LEcR: (li 118 UI beh Bi 422 IL.Sh.E. 700 IL.Sh.E. 
19 33 IL.Tr.I. 144 II.Sh.E. 6 22 Lod Sf 704 ILTr.E. 
20 16 ILSh.I. 4 20 (Ral 6 28 I.Sh.1. 8 22 I.Sh.1. 
22 26 IL.Tr.E. 4 33 I.Sh.1. 8 39 A Wah i 8 24 5 Ba be 
23 07 IL.Sh.E. 5 09 IV.Oc.D. 8 45 LShE 10 39 I.Sh.E. 
6 37 Lies 10 41 LTE. 
4 oat eagle 6 50 Lasheee a9 B33 1.0c.D. 
2 39 L.Sh.1. 11 38 IV.Ec.R. SIS) TEc.R. §33 L.Ec.D. 
4 35 I.Tr.E. HISO3. fh TRE 754 T.Oc.R. 
455 TShE: | 312 130 I.0c.D. 11 21 II.Sh.1. 15 21 I.Sh.I. 
23 28 1.0c.D. 400 I.Ec.R. 1440 | IILTrE. 15 34 | IU.Tr 
631 Il.Tr.1. 14557] Sh: 18°55" | TE.She 
5 159) |) Tre 7.20 \\ TNeShate 1504 | IV.TrI. Todd I.Tr.E 
2 05 L_Ec.R. 1009 | IIL.Tr.E. 15 49 IV.Sh.1. 23 04 II.Ec.D 
31 9} TE Shas 1055 | WI.Sh.E. 1940 | IV.TrE. 
538 4) Wilde 17 30 Il.Oc.D. 2010 | IV.ShE. 201 1.0c.R 
654 | IT-Sh Ee 20 42 ILEc.R. 20 21 I.Oc.D. PES | I.Sh.I 
14 40 1.Oc.D. DOA eiGele DEV Aly) ILEc.R. NS 1.Tr.l 
18 07 I.Ec.R. 23 02 ISO 5 08 I.Sh.E 
20 49 L.Tr.I. 20 0 53 Ebel g Sz I.Tr.E 
2107 I.Sh.1. 13 108 T-TnBs 0 56 I.Sh.1. 
23 06 ha an 119 TShiE: 3 10 IIE; 001 LEc.D 
23 24 [Sh.E. 20 01 1.Oc.D. 215 I.Sh.E, 130 | IV.Ec.D 
22 29 I.Ec.R. 22 04 1.0c.D. 2 24 I.Oc.R 
6 17 58 1.0c.D. 6 41 IV.Oc.R 
20 34 LEc.R. | 14 11 52 Abel 21 0 24 LEc.R. 17 28 I.Sh.1 
ale H.Sh.1. 14 46 I.Tr.1. 17 39 IL Tr.i 
7 8 59 Wet k: 14 44 IETRE! 1450 I.Sh.1. 20 18 I.Sh.E 
9 34 IL.Sh.I. 15 03 IL.Sh.E. 17 38 Il. Tr.E: 20 31 ILTr.E 
1151 TEE 2 Ler I. 17 40 IL.Sh.E. 21 20 I.Sh.I 
12 25 Shee. WP sal I.Sh.1. 19 23 Neral: 21 25 1.Tr.l 
15 19 GIB E 19 38 GIG A ey 19 25 L.Sh.I. 23 36 L.Sh.E 
15 36 L.Sh.1. 19 47 LSh.E. 21 40 LIKE. 23 42 Link 
17 36 LTr.E. 21 42 1.Sh.E. 
17 53 IGS oy (Bley 14 32 1.0c.D. 
1 
T.Feb, 15 Il. Feb. 16 Ill. Feb. 16 IV. Feb. 11 
zg =+1.1, yo =+0.1 x2 =+1.1, yo =+0.2 Sp=th3, yo=+0i1 Do =H. ve =+0.3 


NOTE,—I. denotes ingress; E., egress: D.. disappearance; R,, reappearance; Ec., eclipse; Oc., occultation: Tr., transit of the satellite: 
Sh., transit of the shadow 


SATELLITES OF JUPITER, 1998 FPS 


CONFIGURATIONS OF SATELLITES I-IV FOR FEBRUARY 


UNIVERSAL TIME 


d WEST EAST | 4 WEST EAST 


LN 32.0 
PHASES OF THE ECLIPSES 


I WEST EAST | Ill WEST EAST 


F20 


SATELLITES OF JUPITER, 1998 


DYNAMICAL TIME OF GEOCENTRIC PHENOMENA 


MARCH 
d h om d h om d h om h om 
] 18 30 REED} 9 913 IlI.Ec.D. | 16 21 04 II.Oc.R. 21 32 L.Oc.R. 
20 55 I.Oc.R. 13350)5|/ SHTOcR: ZS I.Sh.E. 
1457 II.Ec.D. 22 16 Lick. 422 IV.Sh.I. 
2 ay 2 III.Ec.D. 17 43 1.Sh.I. - 8 30 TVSiE- 
918 Ill.Oc.R. 1758 beh 17. BBY IV.Oc.R. 9 23 IV.Tr.I. 
2 II.Ec.D. 18 15 II].Oc.R 16 48 LED: 13 34 Wale? 
15 26 II.Oc.R. 1959 LSE 19 30 I.Oc.R. 144] II.Sh.1. 
15 48 I.Sh.1. 20 14 ick 15 45 NEI b 
15 56 Lelie: 18 12 03 II.Sh.1. 16 00 I.Sh.1. 
18 05 I.Sh.E. | 10 1454 LEG! 1253 IeTrt: 1631 ree 
18 13 Waele 17 28 1.0c.R 1405 L.Sh.I. 17 30 TEShE. 
14 30 1G Be 18 16 LSE. 
8 1259 LEc.D. | 11 9 25 I.Sh.1 1453 II.Sh.E. 18 35 IPERS 
15 26 I.Oc.R. 10 00 IL. Tr.I. 15 43 IME: 18 47 iiheles 
G0 I.Sh.J 16 22 LSE. 
4 6 47 Il.Sh.1. 125 IL.Sh.E 16 46 led je) Bs BAD EBeD. 
7 06 Il. Tr.I 12 28 ikAbe}h 16 03 I.Oc.R. 
937 TSH 1251 WEAR) E 19 iy I.Ec.D. 
9 58 NIE By 14 28 I.Sh.E 140! L.Oc.R. 726 II.Sh.I. 
10 17 I.Sh.I 14 45 L.Tr.E 9 24 If-Ec.D. 
10 26 entire: 20 BS IIL.Sh.I. 9 41 II.Tr.I. 
12533 ESE 1, 9 22 LEe:D: Sih IL.Tr.I. 10 28 I.Sh.1. 
12 43 Pink: 1159 OCR: 649 TLEcD. 1058 III.Sh.E. 
23723 III.Sh.1. 658 III.Sh.E. 11 01 List. 
3 7 28 LEc.D 8 34 I.Sh.1. 12 44 LSE. 
956 LOc. Re (h3 0 39 IL.Tr.I. 8 44 HIE. 1So13 TITRE: 
19 22 I.Sh.I. 2 I.Sh.E. 9 00 Tafel. 13.14, Ue di Sie 
20 07 IL.Tr.I. 414 Nae 10 29 II.Oc.R. jean | fs Il.Oc.R. 
22 56 IH.Sh.E. 414 IEC: 10 50 LSE. 
23 43 IlI.Tr.E. 6 40 I.Sh.I. 11 16 Ol bes SF 741 I.Ec.D. 
658 ae 10 33 I.Oc.R 
6 1 39 II.Ec.D. 7 40 I.Oc.R. | 21 5 46 LEcD, 
445 I.Sh.1. 8 56 Sh. E; 831 L.0c¢,R. B59 IL.Sh.I. 
450 Il.Oc.R. 945 IW Beles, 457 I.Sh.I. 
457 etal 22 121 II.Sh.1. S511 Ini 
702 I.Sh.E. | 14 351 1.Ec.D. 219 Mb tel 3).3\l| Hel bei e 
714 Lark: 6 29 1.Oc.R. 3 02 ESb 6 49 II.Sh.E. 
22 44 IL. Sh.1. 3 30 Pairk vipls) SHE. 
Ti 1 56 PEC Dy 23 26 IL Trl. 411 II.Sh.E. 747 Wik: 
427 I1.Oc.R. 5 09 II. Tr.E. 8 01 IL.-TrE. 
20 06 Il.Sh.1. 15 1 08 1.Sh.1. 519 IeSh:E: 
20 32 IL. Tr.I. 1 29 bell 5 47 Links 2 09 LEcD, 
22 56 IL.Sh,E: 1 34 Heshabs 5 04 T.Oc.R. 
23 14 I.Sh.I. 216 I. Tr.E: 23 015 ILEc.D; 21 16 Ill.Ec.D. 
23 24 TRE: BPS) IeSh.B. 3 02 I.Oc.R. 22 41 TLEG.D: 
DOD bale 3 45 Jia ee 17,15 III.Ec.D. 2325 L.Sh.I. 
22 20 TEGD: 20 07 Il.Ec.D. 
8 1 30 HESS owe A Bias TSH ie 0 02 Ibs biel 
1 44 jh Bar} 16 1 00 1.Oc.R. 22 01 |i bed 141 LSHE, 
10 05 IV.Sh.1. 13 14 NEEGD: 22504) DROGER: 2 18 ei hel oe 
12 16 IV.Tr.I. 17-32 IkEcD, 23 47 I.Sh.E. 241 II.Oc.R. 
14 20 IV.Sh.E. 18 20 Ill.Oc.R. 235193 Il.Oc.R. 3.19 Tll.Oc.R. 
1641 TVsrre) 19 37 Shel: 20 38 LEe.D, 
20 25 LEc.D, 19 44 IV.Ec.D. | 24 017 Tink 23 34 l.Oc.R. 
PSY LOc.R: 1959 1) be) & 18 43 LEe.D: 
os! Wo 
I. Mar. 15 II. Mar. 16 Ill. Mar. 16 IV. Mar. 16 
Pie 3) Y1 = +0.1 peak, Y1 = +0.2 1 =-1.8, Y1 = +0.2 PS; Yl = +0.4 


NOTE.—I. denotes ingress; E., egress; D., disappearance, R., reappearance; Ec., eclipse; Oc., occultation; Tr., transit of the satellite: 
Sh., transit of the shadow. 


SALBLUITES. OF JUPITER! 1998 Poi 


CONFIGURATIONS OF SATELLITES I-IV FOR MARCH 


UNIVERSAL TIME 


d WEST EAST 


32.0 
PHASES OF THE ECLIPSES 


I WEST EAST | Ill WEST - EAST 


WO “O 


II IV 


F22 SATELLITES OF JUPITER, 1998 
DYNAMICAL TIME OF GEOCENTRIC PHENOMENA 
APRIL 
d hm d h om d {a en 05 d h om 
] 17 19 II.Sh.1. 8 22 04 Sh. BE. 6 3 08 EI hes Be 24 0 06 I.Oc.R. 
17 54 I.Sh.I. 22 46 II.Sh.E. 18 56 LE¢:D: 18 04 I.Sh.I. 
18 32 eels 22 48 Sibel: 22 06 1.Oc.R. 1902 eT, 
1838 | ILTrl. : 1942 | ILEc.D. 
20 08 II.Sh.E. 9 018 beg, 17 16 10 LSE 20 20 LSE. 
20 10 LSHtE? 1701 I.Ec.D. 17 03 L.Tr.l. 21 i 181 Big) Be 
20 48 Jeb gel 20 05 I.Oc.R. 17 08 IEC: 23 28 II.Sh.1. 
VET Il. TE 18 26 USE? 
10 14 16 I.Sh.I. 19 18 1B) by 26 25 025 II.Oc.R. 
2 Sn Sv IV.Ec.D 14 33 ILEeD} 1927 II.Sh.1. PEST III.Sh.E. 
15 07 LED 15 02 Link 21 39 Il.Oc.R. 329 Il.Tr.I. 
18 02 IV.Ec.R 15 26 II.Sh.1. 22 57 III.Sh.E. 655 DLTrcE. 
18 04 I.Oc.R 16 32 L.Sh-E, 23 04 I ire 15 19 BoD: 
20 10 IV.Oc.D Winks) ) EB 18 36 LOR. 
18 37 NUE) Gel 18 231 0 Gy bey 
3 013 IV.Oc.R. 18 53 II.Oc.R. 13 24 LEGD 26 12 33 L.Sh.1. 
11 26 II.Sh.1. 18 57 Il.Sh.E 16 36 1.Oc.R 13 32 irk 
1159 II.Ec.D. 22 07 Wie. 1431 II.Sh.1. 
1222 I.Sh.I. 22 39 IV.Sh.1. 19 8 11 IV-Ec:D 14 48 LShiE; 
13 02 Datel: 10 39 I.Sh.I 15 47 TaurE. 
14 10 IL.Tr.I. 1] 2 40 IV.Sh.E. is I.Tr.I 16 34 1 Oi Bal 
14 38 LShE: 6 20 IV.Tr.I. 1538 II. Sh.I 17 18 II.Sh.E. 
1458 IIL.Sh.E. 10 13 IV.Tr.E. 12 09 IV.Ec.R. 19 21 TUE. 
15 18 Iie: 11 30 LEe:D: 12 54 I:Sh-E- 
16 05 II.Oc.R. 14 36 OCI: 13 45 TL 27 9 48 LEc.D. 
17 41 Ir. 13 48 Lr. 13 06 T.Oc.R. 
12 8 45 I.Sh.]. 144] II.Sh.E. 16 56 IV.Sh.1. 
4 9939 LE¢.D, 915 Shel: 16 32 JU bale 20 49 IV.Sh.E. 
12339 I.Oc.R. 9 33 JEBEL. 16 51 IV.Oc.D. 
1054 TEE 20 35 IV.Oc.R. | 28 259 Va 
5) 6 37 IL.Sh.I. 11 01 I.Sh.E: 6 30 IV.Tr.E. 
6 51 I.Sh.I. 11 48 LTE. 20 753 LEc.D} 701 I.Sh.1. 
WZ Lick 12 04 II.Sh.E. 11 06 LOaR: 8 02 Tek. 
8 03 Tabs 13 43 I.E: 8 59 WED. 
907 LShE: 2) 5 OF 1.Sh.1 916 I.Sh.E. 
9 26 II.Sh.E. 13 559 L.Ee.D; 6 02 1 Deke 1017 LORE: 
9 48 Lares 9 06 OcsRS 6 25 II.Ec.D 13 20 III.Ec.D. 
10 52 Distr: 7 23 I.Sh.E 13 47 Il.Oc.R. 
14 318 I.Sh.1. 818 Linke 1651 III.Ec.R. 
6 404 LEc:D, 350 I.Ee:D: 919 IIl.Ec.D 17 34 Il.Oc.D. 
705 1.Oc.R. 403 1.Tr.l. 11 02 Il.Oc.R 21 00 Ill.Oc.R. 
518 IEE EciD: 12 50 IIl.Ec.R 
7 116 Il_Ec.D. 5 29 L-ShE. 13 09 I.Oc.D. | 29 416 PBc.D: 
Med IlI.Ec.D: 618 LTE. 16 38 II.Oc.R 7 36 LOR. 
119 I.Sh.1. 8 16 Il.Oc.R. 
2 02 ental 12 t3 IMOGRe 122 2.22 1.Ee.D. 1530 1 30 I.Sh.I. 
By6)5) Cshe 5 36 LOK. f 3) les balk 
418 L.TrE 15 Q 27 I.Ec.D. 23°30 PSha: 3 45 I.Sh.E. 
5 29 1].Oc.R 3 36 1.Oc.R. 350 II.Sh.1. 
747 Ilf.Oc.R 21 42 I.Sh.I. 23 0 32 MEI bed & 447 Lee: 
22,38, LEc:D 22 33 Link iit I.Sh.1. 5 59 IL. Tr.I. 
2234 Il.Sh.1. 151 LSh.E. 6 38 Il.Sh.E. 
8 1 35 1.Oc.R. ey yy | I.Sh.E. 2 48 legbalen 8 45 WairnE. 
19 48 LSh.I. 310 IL. Trl. 22 45 I.Ec.D. 
19 57 IeSbe 16 0 20 Il. Trl. 400 SHE. 
20 32 adele 0 48 MARA Se SIL IL. Tr.E. 
21 29 MABE 1 23 Ii Sh.E. 20 50 I.Ec.D 
I. Apr. 15 II. Apr. 14 Il. Apr. 14 IV. Apr. 19 
— He Y1 = +0.] Deen Yl = +0.3 ] =-2.8, Yl =+0.3 AE =-43, Y1 = +0.6 
29 s=—2-7, yo = +0.6 


NOTE.—I. denotes ingress, E., egress; D., disappearance; R., reappearance: Ec., eclipse; Oc., occultation; Tr., transit of the satellite: 


Sh.. transit of the shadow. 


SATELLITES OF JUPITER, 1998 Pz3 


CONFIGURATIONS OF SATELLITES I-IV FOR APRIL 
UNIVERSAL TIME 
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F24 SATELLITES OF JUPITER, 1998 
DYNAMICAL TIME OF GEOCENTRIC PHENOMENA 
MAY 
d h m d h an d hn d in 
{ 206 | dOcR. HPO  O51¢| ILEcD. | 16 1631 | -ULTrL #124 2008 | LShk 
1958 | LShI. 114 | LTrE. 1951 | ULTrE. 2124 | LTrl. 
2101 LTr.l. 554 | ILOc.R. 2102 |, LEc.D. 2223 | LSh.E. 
2213 | LShE. 730 | IILShII. 2338 | LTrE. 
2217 | ILEc.D. 1057 | ULShE. |? 1032 | Toor, 
2316 | LTE. 1¥13 | WLI 1844.) She Mos /3100 | she 
1535 | ILTrE. 19°97 hee 339 | ILTrl. 
2 310] Lock 1908 | LEc.D. 2029 | LSh.E. 346 | ILShE. 
328 | ILShI. 2235 | LOcR. 2141 LTrE. 622 | ILTrE. 
657 | IILSh.E. 23.03 a Stee 1725 | LEc.D. 
752 | WLTrl. |10 1620] IShL 2100 | LOc.R. 
1116 | ULTr.E. 179°) Mie, fats: F055. | ieee 
1713 | LEc.D. 1835 | LShE. 110 | ILShE. | 26 1436] LShI. 
2036 | LOc.R. 1944 | LTrE. 339 | ILTrE. 1554 | LTrl. 
1946 | ILShL. 1531 LEc.D. 1651 LSh.E. 
3 1497 | visnk 2209 | ILTr. 1903 | LOc.R. 1807 | LTrE. 
15 31~|—9Eiale 2233 | ILSh.E. 1917 | ILEc.D. 
1642 | LShE. 19 1243 | JISHL 
1708 | WShI. [11 054 | ILTrE. 1337 | flicks We £038 | MOcr. 
1746 | LTrE. 1336 | LEc.D. 1457 | LSh.E. 522 | ILEc.D. 
1922 | ILTrl. 1705 | LOc.R. 16 11 LTrE. 850 | IIL.Ec.R. 
1956 | ILSh.E. 1643 | ILEc.D. 1046 | Il.Oc.D. 
2208 |/ALTREM|i2 1049 | LShL 2157 | ILOcR. 1153 | LEc.D. 
1159 | LTrl. 1405 | IL.Oc.R. 
4 1142 | LEcD. 1304 | LShE. |20 121 | MLEcD. 1529 | LOc.R. 
1506 | LOc.R. 1408 | ILEc.D. 450 | ILEc.R. 
1413 | LTrE. 632 } UL.Oc.D.}28 905 | IShL 
. 8551 LSA 1915 | IL.Oc.R. 953 | IlL.Oc.R. 1023 | Trl. 
1001 | LTr. 2121 | ULEc.D. 959 | LEc.D. 1120 | LSh.E. 
1110 | LShE. i332 | LOcR. 1237 | LTrE. 
1134 |. ILEc.D.] 13 050 | ILEcR. 1419 | ILShI. 
12 15: |\ ERB, 214 | UL.Oc.D.|21 711 LSh.I. 1701 | I.Trl. 
1632 | ILOcR. 537 | ULOc.R. 826 |} Lr. 1705 | ILSh.E. 
1720 | IIL.Ec.D. 805 | LEc.D. 926 | LShE. 1943 | ILTrE. 
2050 | ILEc.R. 1134 | LOcR. 1040 | LTrE. 
2155 | ML.Oc.D. 1142 | ILShA WZ. 622 | LeeD: 
i Wig | Shh 1417 | IMT. 958 | LOcR. 
6 120 | ILOcR. ees | Lee 1428 | ILSh.E. 
224 | IVEc.D. 732 | LShE. 120k | WIRE. MeO. 333 | shk 
611 LEc.D. 843 | LTrE. 452 | LTrl. 
615 | IV.EcR. 9.05 AILSA | '22-—-428~|-—. Be 548 | LShE. 
O35 + Lock 1113 | IVShLI. 8 01 LOc.R. 706 | LTrE. 
1310 | IV.Oc.D. 1133 | ILTr. 2038 | IVEc.D. 835 | ILEc.D. 
1633 | IV.Oc.R. 1152 | ILSh.E. 1358 | ILOcR. 
1417 | ITE. | 23 021 | IVEcR. 1931 | ILSh.1. 
7 $24) Ushi 1458 | IVSh.E. 140 | LShL. 2256 | ILSh.E. 
430 | LTrl. 2311 | IVTrl. 255 | LTrl. 
539 | LShE. 354 | IShE. 131 050] LEceD. 
628 | WShI. [15 217 | IVTLE. 509 | LTrE. 058 | ULTr. 
645 | LTrE. 233 | LEc.D 600 | ILEc.D. 413 | ILTLE. 
846 | ILTrl. 604 | LOc.R 901 | IV.0c.D. 427 | LOcR. 
915 | ILSh.E. 2346 | LShI 1118 | ILOc.R. 531 | IVShL. 
1132 | ILTrE. 1157 | IV.Oc.R. 906 | IVSh.E. 
16 058 \)_ L.TeL 1531 | ILSh.1. 1852 | IVTrl. 
RIG 387 |e, 201 LSh.E. 1857 | IILSh.E. 2126 | IVTrE. 
405 | LOcR. 9) ipl lilske 2046 | ILTrl. 2202 | LShL. 
F152). oA Sb. 326 | ILEc.D. 2256 | LEc.D. 23 21 LTrl. 
2300 | LTrl. 836 | ILOc.R. 
1130 | WShI. 124 004 | ILTrE. 
9 O0%ph 1She. 1457 | IILShE. 231 1.0c.R. 
I. May 15 II. May 16 Ill. May 12-13 IV. May 22-23 
~2.0, yy, = +0.2 x =-2.6, y, = +0.3 x =-3.6, y1 = +0.3 21 =—-5.7, y) = 40.7 


x2 =-1.7, yo = 40.4 


rq =—4.2, Y¥2= +0.8 


NOTE.—I. denotes ingress; E., egress: D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; Tr., transit of the satellite; 


Sh., transit of the shadow. 


SATELLITES OF JUPITER, 1998 F25 


CONFIGURATIONS OF SATELLITES I-IV FOR MAY 


UNIVERSAL TIME 


d WEST EAST o 9 WEST EAST 


11.0 q 27.0 

12.0 7 fp 5 28.0 

13.0 SiN = 29.0 

14.0 IN 30.0 
“i 

15.0 KI 4 31.0 


16.0 Wp al + 


PHASES OF THE ECLIPSES 


I WEST EAST | Ii] WEST EAST 


HO d+ +O 


eee, 
es ne 
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SATELLITES OF JUPITER, 1998 
DYNAMICAL TIME OF GEOCENTRIC PHENOMENA 


JUNE 
d h m d hm d h m d h m 
1 016 I.Sh.E. 9 052 LOGRA16 -22-32 LSh.E. | 24 0 26 L.Sh.E. 
1 34 I.Tr.E. 416 IV.Oc.D. 23 48 IV.Sh.I. 1 46 LTE. 
3 38 I.Sh.1. 6 40 IV.Oc.R. Way \3) } LE? 537 Il.Ec.D. 
621 IL. Tr.I. 18 24 I.Sh.I. 8 22 IL.Ec.R. 
6 23 II.Sh.E. 19 45 1A i) WG 3 02 IL.Ec.D. 8 25 Il.Oc.D. 
9 03 IL.Tr.E. 20 38 L.Sh.E. 314 IV.Sh.E. 11 06 I.Oc.R. 
19 19 I.Ec.D. 21 59 1b ot She 5 47 IB: 19 30 |G Brox! BY 
22 56 1.Oc.R. 5 50 II.Oc.D. 21.25 III.Ec.D. 
10 027 II.Ec.D. 8 31 II.Oc.R. 23 08 1.Oc.R. 
2 16 30 I.Sh.1. 32 WBcR. iBsy IV.Tr.I. 
17 50 egal 3113; II.Oc.D. 15 47 IV.Tr.E. | 25 050° | IDl-Ec.R. 
18 45 I.Sh.E. 555 1.Oc.R. 1724 | IDL.Ec.D. 307 IlI.Oc.D. 
20 03 L.TrE. 13 24 II.Ec.D. 17 36 LEc.D. 618 Ill.Oc.R. 
2152 II.Ec.D. 15 42 I.Ec.D. 20 51 III.Ec.R. 906 IV.Ec.D. 
1651 IIL.Ec.R. 2115 I.Oc.R. 12 32 IV.Ec.R. 
3 Smw7 II.Oc.R. 19 05 I.Oc.D. 23 08 | Ill.Oc.D. 16 40 LSh.I. 
9 23 III.Ec.D. 19 21 I.Oc.R. 18 01 ibe R 
1251 III.Ec.R. 22220 1 WLhOGR. Ws 22) Iil.Oc.R. 18 54 TSh.E. 
13 48 L.Ec.D. 14 46 I.Sh.1. 20 15 L.Tr.E. 
1457 || DLOcD: watt 12452 L.Sh.1. 16 08 ink 22-47 IV.0c.D. 
1925 I.Oc.R. 14 14 edited 17 00 I.Sh.E. 
LOAS AL W-OceR: 15 07 I.Sh.E: 18 21 CTRE as) 26. 0 34 IV.Oc.R. 
16 27 Lik, 22 10 IL.Sh.I. 0 46 II.Sh.1. 
4 10 59 L.Sh.I. 19 33 II.Sh.I. 3 30 II.Sh.E. 
12 19 are le 22 18 II.Sh.E. | 19 054 II.Sh.E. 3 34 Tir 
1s 1.Sh.E. 22 ON II. Tr I. 059 IL. Tr.I. 613 IL.Tr.E. 
14 32 rales. 3 39 Il. Tr.E. 13 58 I.Ec.D. 
1656 II.Sh.1I. 12 1 02 Il.Tr.E. 12 04 LEc.D. 17 37 1.Oc.R. 
1942 | ILSh.E. 10 10 L.Ec.D: 15 44 1.Oc.R. 
19 42 IL. Tr.I. 13 49 1.Oc.R. 27 11 08 LSh I. 
22 24 II.Tr.E. 20 914 I.Sh.I. 12 30 lei bel & 
13 TD I.Sh.1. 10 37 itr. 13:23 L.Sh.E. 
5 8 16 I.Ec.D. 8 42 KOOBE 11 29 I.Sh.E. 14 43 LTr.E. 
11 54 I.Oc.R. 9 35 I.Sh.E. 1250 L.Tr.E. 18 54 II.Ec.D. 
10 56 L.Tr.E. 16 19 IL.Ec.D. 21 40 II.Ec.R. 
6 57 I.Sh.I. 13 44 II.Ec.D. 19 05 II.Ec.R. 21 41 Il.Oc.D. 
648 Letret 16 30 II.Ec.R. 19 07 II.Oc.D. 
7 42 I.ShiE. 16 32 OGD. 21 49 Il.Oc.R. | 28 0 22 Il.Oc.R. 
901 Lice 19 13 Il.Oc.R. 8 27 LEc.D. 
11 10 II.Ec.D. 21 6 33 LEc.D. 11 33 IL.Sh.1. 
16 36 Il.Oc.R. | 14 eoyll I.Sh.I. moe IlI.Sh.1. 1205 1.0c.R. 
He sveohil IIL.Sh.I. 439 I.Ec.D; 10 12 I.Oc.R. 1456 | TISh.E. 
655 I.Sh.E. 1055 IIL.Sh.E. Tegae! Il. Tr.1. 
Wl DAS I.Ec.D. 8 18 MOG rRe 13 14 I. Tr. 20 19 IL. TrE. 
255 ILL.Sh.E. 912 IIL. Tr.I. 16 23 I.Tr.£. 
5 06 ULTr1. 12 24 II.Tr.E. 29 SPS LSh.I. 
6 23 I.Oc.R. 22 3 43 Shel: 658 Itel: 
8.20) ||| TT 15 1 49 IE & 5 05 gba WSN LSh.E. 
23°59 LSh.I. al Terr. J. 57 I.Sh.E. 911 eh. 
4 04 [.Sh.E. 718 JIA 14 04 II.Sh.I. 
8 1 16 IGibell, 5 24 IBIDQEE 11 28 ILSh.I. 16 48 IL.Sh.E. 
210 I.Sh.E. 851 IL.Sh.I. 14 12 II.Sh.E. 16 50 I.Tr.l. 
3 30 I.Tr.E. 11 36 IL.Sh.E. 14 16 Wetel. 19 29 II.TrE. 
6 14 IL.Sh.1. 11 40 Il. Trl. 1656 IL.Tr.E. 
9 00 IL.Sh.E. 14 20 Il.Tr.E. 30 255 LEc.D. 
901 IL Tr.1. 23 07 TBe:D: 11925 101 I.Ec.D. 6 33 1.Oc.R. 
11 43 IL. Tr.E. 4 40 1.Oc.R. 
1452 IV.Ec.D. | 16 247 I.Oc.R. 22 11 I.Sh.I. 
18 26 IV.Ec.R. 20 18 I.Sh.I. Poa SN aNs' belt 
ZA: L.Ec.D. 21 40 1A Wel 
I. June 15 II, June 17 Ill. June 17 IV. June 8 


21 =-2.8, y1 = +03 
x2 =-1.0, y2 = +03 


2, =—4.0, y1 = +0.4 
G2 =—2.1, yo =04 


“1 =—6.0) yi =+0:8 
rq =—4.6, yo = +08 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; Tr., transit of the satellite; 


Sh., transit of the shadow. 
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SATELLITES OF JUPITER, 1998 


CONFIGURATIONS OF SATELLITES I-IV FOR JUNE 


UNIVERSAL TIME 
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SATELLITES OF (JUPITER, 1998 


DYNAMICAL TIME OF GEOCENTRIC PHENOMENA 


JULY 
ets 
d h om h om 
1 005 L.Sh.I. 10 47 ILE): 
1 26 LTr.1. 16 09 II.Oc.R. 
219 LShsE: 23 18 I.Ec.D. 
3 39 ore. 
8 12 MEE CD: D2 I.Oc.R. 
1057 II.Ec.R. 5:26._|| IIL Ee: 
10 57 If.Oc.D. $50) | ADECR: 
13 38 Il.Oc.R. 10}52.9\) WOcD; 
21 24 LEGD: 1400 | Ill.Oc.R. 
20 27 I.Sh.I. 
2, 101 I.Oc.R. 21 45 Js 
125 IIL.Ec.D. 22 42 LSE: 
449 | IILEc.R. 23 58 16 We) Es 
701 Ill.Oc.D. 
10 11 IJ.Oc.R. 559 IL.Sh.I. 
18 33 I.Sh.I. 837 Il.Tr.I. 
19 54 1.Tr.I. 8 42 II.Sh.E. 
20 48 SHE: Lis Ede) Be 
22 07 IIE: 17 46 LED: 
21 20 I.Oc.R. 
3} 3:23 IL.Sh.I. 
6 06 II.Sh.E. 14 56 EShlk 
6 07 HEI 16 13 hiter 
8 45 M14 tel Bis 17 10 TSE: 
15 52 T.Ee:D: 18 26 Ne is Be 
18 06 IV.Sh.I. 
19 29 I.Oc.R. 005 I Ee:D; 
227 IV.Sh.E. 621 IV.Ec.D. 
S23 Il.Oc.R. 
4 8 07 IV.Tr.I. 6 37 IV.Ec.R. 


908 | IV.TrE. 
13 02 I.Sh.I. 
14 22 USI Bele 
15 16 I.Sh.E. 
16 35 [Ine 


21 30 I.Ec.D. 


2) OSG I11.Oc.R. 


10 21 TED: 
13157, 1.Oc.R. 
15 34 | IUM.ShI. 
1855 | III.Sh.E. 
2104 | IULTrI. 


6 O10) Ure: 


7 30 L.Sh.I. 
8 50 L.Tr.I. 
9 45 I.Sh.E. 
11 02 TeTrE. 
16 40 I.Sh.1. 
1922 I.TrI. 


19 24 IL.Sh.E, 
22 01 eels: 


7 449 1 EerD. 
8 24 1.Oc.R. 


8 159 I.Sh.1. 


IANS) PEc-Dy 
15 47 I.Oc.R. 
16 31 IV.Oc.D. 
1226 | 1V.0G:R: 
1934 | IIL.Sh.I. 

2252 |) WUEShB: 


Ora 25 eUe Dink. 

350°) IIRTHE 
9 24 1.Sh.I. 
10 40 Lint: 

11-39 SRE: 
12 53 KORE. 
LOUIE] I.Sh.1. 
2151 IL. Trl. 


22 00 IL.Sh.E. 


0 29 IL.Tr.E. 
6 43 I.Ec.D. 
1015 T.Oc.R. 


352 I.Sh.I. 
5 08 Link 

6 07 ISh.E. 
721 Ee 


ISh25 IEe:D} 
18 37 I1.Oc.R. 


ig) |, ATE 112 | LEc.D. 
413 | LShE. 442 | LOcR. 
530 | LTrE. 926 | IlLEc.D, 
I. July 14 Il. July 15 


Dy = — 21 y= 0.2 


657 
8 01 
9 10 
15 59 
21 03 


3 06 
6 31 
13 28 
16 50 
18 20 
21 24 


015 
1 24 
LSS) 
Soi) 


IIL.Ec.R. 


| IlI.Oc.D. 
IlI.Oc.R. 


I.Sh.I. 
1. Trl. 


I.Sh.E. 

Cibo) 5 
I Shll 
I.Tr.I. 
II.Sh.E. 
Iie: 

I.Ec.D. 


L.Sh.1. 
Lyle: 
I.Sh.E. 
I.TrE. 


IL.Ec.D. 
I.Ec.D. 
II.Sh.I. 


III.Sh.E. 
W.Tr.I. 
Ure: 
L.Sh.1. 
IV.Sh.1. 
1. Trl. 
I.Sh.E. 
IeInE. 
IV.Sh.E. 
IL.Sh.1. 


I.Tr.I. 

IL.Sh.E. 

Iie: 
1.Ec.D. 


LShek: 
Keel 
L.Sh.E. 
I.TrE. 


IIl.Ec.R 


LSh.I. 
bal 
I.Sh.E. 
aba, 


I.Oc.R. 


Il.Oc.R. 
1.Oc.R. 


T.Oc.R. 


Il.Ec.D. 
IL.Oc.R. 


I.Ec.D. 
I.Oc.R. 
WI.Ec.D. 


II1.Oc.D. 
IL.Oc.R. 


1110 ILSh.I. 
1331 IL. Trl. 
13 54 IL.Sh.E. 
16 08 ITE: 
235 iEe-D: 
058 I.Oc.R. 
18 43 I.Sh.I. 
LOSI Efel 
20 58 LSh-E. 
22 04 Rane: 
ST ILEc.D. 
10 15 Il.Oc.R. 
16 03 I.Ec.D. 
19:25 I.Oc.R. 
334 | IN.ShTI. 
654 | ILIL.Sh.E. 
S13) TT 
LL 157 |p WE 
1512 I.Sh.I. 
14 18 Pink 
15 26 I.Sh.E. 
16 32 LIxk. 
0 28 IL.Sh.I. 
2 43 IL. Tr.I. 
2 IL.Sh.E. 
5 20 IL. Tr.E. 
10 32 RED: 


18552 I.Oc.R. 
2esie \) TvVeBe:D. 


042 | IV.Ec.R. 
740 L.Sh.1. 
8 45 Jebel 
S55) LSE. 
1058 ibe) e. 


18 35 Il.Ec.D. 
23 27 Il.Oc.R. 


5 00 LBo.D. 
819 1.O0c.R. 
17.28..2 HEBD. 
2050 | IILEc.R. 
2156 | Il.Oc.D. 


059 | Ul.Oc.R. 
209 I.Sh.1. 
3 12 Abele 
4 24 LSHE. 
oI25 Line 
13 46 I.Sh.1. 
15 54 IL.Tr.I. 
16 29 IL.Sh.E. 
18 31 ITER: 


23.29) EBcD: 


Ly =—2.7, Y1 = +0.4 


Ly 
r2 


Ill. July 16 


=—3i7) Yi = OE 
=—1.8; yo =+0.5 


IV. July 12 


x, =—-5.6, y; = +0.9 
rq =-4.3, y2 = +0.9 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; Tr., transit of the satellite; 


Sh., transit of the shadow. 


SATELLITES OF JUPITER, 1998 B2e 


CONFIGURATIONS OF SATELLITES I-IV FOR JULY 
UNIVERSAL TIME 


4 WEST EAST | 4 WEST EAST 


PHASES OF THE ECLIPSES 


[ WEST EAST | Il] WEST EAST 


d+ = d+ r+ 


IV 


IT 
d+ CO d+ r+ 


| 


F30 SATELLITES OF JUPITER, 1998 
DYNAMICAL TIME OF GEOCENTRIC PHENOMENA 


AUGUST 
d h m 
1 2 46 I.Oc.R. I.Sh.E. II.Oc.R. 20 48 L.Sh.1. 
20 37 I.Sh.I. Link: 21 45 LEc.D. 21 23 I.Tr.I. 
21 39 Parl II.Ec.D. ° 22037) Tint. 
2232 I.Sh.E: II.Oc.R. 0 44 LOc.R. 22550 ||) WISE: 
23°52 I.Tr.E. I.Ec.D. 137 4 LESh: 23 04 TShirE: 
LOc.R. 1842 | JI.Tr.I. Deon LTE. 
2 753 I-Ec-D: 18 54 I.Sh.1. 
12 38 II.Oc.R. IIL. Sh.I. 1856 | LOSE. 104 | I-TrE. 
IPSS IEc.D. IJI.Sh.E. 19 38 Link 1051 II.Sh.I. 
2s I.Oc.R. U0 5e) b 21 09 I.Sh.E. 1159 Il. Tr.I. 
I.Sh.I. 21.43 | IMATE. 13138 TRSHE: 
3 735 II.Sh.I. JE4be b DS? I.Tr.E. 14 35 ILTrE. 
1054 | IIL.Sh.E. Ill. Tr.E. 18 08 I.Ec.D. 
1147 | YWTr1. 1.Sh.E. 8 15 II.Sh.1. 20 55 I.Oc.R. 
1448 | JII.Tr.E. LTE. 9 43 Il. Tr.I. 
15 06 I.Sh.1. 1058 II.Sh.E. Luly: 1.Shal. 
16 06 I.Tr.I. II.Sh.1. 1219 IL TRE. 15 49 Wg al 
VD LSh.E. Died Geik 16 14 LEcD. 17 32 I.Sh.E. 
18 19 Link II.Sh.E. 1911 I.Oc.R. 18 03 LIE. 
IL. Tr.E. 
4 3 04 II.Sh.I. LEcD: Is 22 I.Sh.1. $01 II_Ec.D. 
S05 Weel Bigh be I.Oc.R. 14 04 hd al i 8 45 TROGIR: 
5 47 II.Sh.E. 15 38 I.Sh.E. i Pas >i I.Ec.D. 
WL IL. Tr.E. I.Sh.I. 16 18 LTrE: 15 21 MOG Rs 
12 26 I.Ec.D. 
15 39 I.Oc.R. 2 24 I-Ec:D. 9 32..| .Ee:D. 
6 28 II.Oc.R. 9 46 I.Sh.1. 
5 9 34 EShil: 10 43 L.Ec.D. nOVES jG bale 
10 33 1.Tr.I. 137, I.Oc.R. 12 01 1.Sh.E. 
1149. “LSE: 12 29 LTE. 
12 46 1 Dre 530 | I.Ec.D. 1438 | IIlOc.R. 
21 II.Ec.D. 15) I.Sh.1. 
8 31 Pink 0 08 IL.Sh.1. 
6 1 49 II.Oc.R. 10 06 I.Sh.E. 1 06 [Seibel k 
6 43 IV.Sh.I. 10 44 LTr.E. Pues) If.Sh.E. 
654 I.Ec.D, 1118 | TI.Oc.R. 3 43 Waar 
937 IV.Sh.E. 27-338 II.Sh.1. 705 I.Ec.D. 
10 06 T.Oc.R. 2251 Medel 947 T.Oc.R. 
2129 | DIL.Ec.D. 
015 II.Sh.E. 414 I.Sh.I 
df O50) TIGER: 1 28 IL.TrE. 441 1.Tr.I. 
127 1 WOcw: Sas I.Ec.D. 6 30 I.Sh.E. 
403 I.Sh.1. 8 03 I.Oc.R. 655 I.TrE. 
429 | III.Oc.R. 18 19 II.Ec.D. 
459 Url 103 IV.Sh.I. 24.52 Il.Oc.R. 
618 I.Sh.E. 2 20 T Sh.I. 
VN} ].Tr.E. De), Labrle 1 34 I.Ec.D. 
16 22 I.Sh.1. 3 44 IV.Sh.E. 413 I.Oc.R. 
18 15 I. Tr.1. Wily 4 35 I.Sh.E. 10 11 IV.Ec.D. 
19 05 II.Sh.E. 618 510 iba ek 52 IV.Ec.R. 
20 52 JI. TrB: 15 42 Il.Ec.D. 22 43 LESSEN 
0 25 19 36 I1l.Oc.R. 23 07 Tar 
8 1423) I.Ec.D. 1-42 23 40 LEe:D*t 23.39) “TIESh. 
4 33 I.Oc.R. 2 41 
22 31 ies) gel Sher) 2 29 I.Oc.R. 
23 26 We Bigg 3 06 19 38 I.Sh.1. 
I. Aug. 15 Ill. Aug. 14 IV. Aug. 14 
x; =-1.6, yi = +0.2 Dy = —2 hay = Os S977 a = 
T= —0.9, Y2 = +0.5 = —2.5, +1 0 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; Tr., transit of the satellite; 
Sh., transit of the shadow. 
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SATBERIEES OF FOPRIDER,I1998 


CONFIGURATIONS OF SATELLITES I-IV FOR AUGUST 


UNIVERSAL TIME 


EAST 


d WEST 


a 
cane 


17.0 
18.0 


a 


4 
- 


S 
st 


S 
a) 


26.0 


27.0 


= yA 


EAST 


dyr4 = 


Tv 


S 
No) 


S 
| ed 


J 
ee) 


S 
ron 


NaAxtal IR 


2 
S 


S 


S 
Nn 


S 
oa) 


15.0 
16.0 


S 
= 


PHASES OF THE ECLIPSES 


EAST | If] WEST 
d+ — 


2D 
uO 


I WEST 


d+ 


F32 SATELLITES. OF JUPITER, 1998 
DYNAMICAL TIME OF GEOCENTRIC PHENOMENA 


SEPTEMBER 
D.. 0 
h om h m 
i 058 LSh.E. IL.Sh.I. 21 19. ISh.E: 401 LEc.R. 
121 LTr.E. IL. Trl. 23 52 LEc.D. 22 44 LTr. 
TED el eg 089 Ned U.Sh.E. 22 56 LSh.1. 
256 | IILSh.E. ILTrE. 207 LEc.R. 
423 | IILTrE. IV.Sh.L. 2100 LTrI. | 24 059 LTr.E. 
1326 | ILSh.I. IV.Sh.E. 2101 L.Sh.1. 112 L.Sh.E. 
14034) Ite L.Ec.D. 23 15 LTrE. 1506 | WU.Oc.D. 
1608 | ILSh.E. 2317 L.Sh.E. 1815 | ILEc.R. 
1650 | ILTrE. LOc.R. 20 02 1.0c.D. 
20 03 LEc.D. LSh.I. 431 | IV.Ec.D. 22 30 LEc.R. 
22 39 L.Oc.R. LTr. 657 | IV.Ec.R. 
L.Sh.E. 1251 U.Oc.D.} 25 1349 | IVSh1. 
Dom Ni, 1 LSh.I. LTr.E. 1538 | ILEc.R. 1558 | IV.Sh.E. 
17 33 Link 18 18 1.0c.D. 17 10 LTrl. 
19 27 I.Sh.E. IL.Ec.D. 20 35 LEc.R. 17 25 I.Sh.1. 
19 47 LTr.E. I.Oc.R. 19 25 LTrE. 
L.Ec.D. 15 26 LTrl. 19 41 LSh.E. 
3 738 | ILEc.D. L.Oc.R. 15 30 LSh.1. 
1100 | ILOc.R. 1741 LTrE. | 26 038 | IllL.Oc.D. 
1431 LEc.D. LSh.I. 17 45 L.Sh.E. 453 | ILEc.R. 
17 05 L.Oc.R. LTrl. 2123 | Ill.Oc.D. 1000 | ILTrI. 
L.Sh.E. 10 31 IL.Sh.. 
4 1140 LSh.I. LTrE. 052 | IL.Ec.R. 1238 | ILTrE. 
1159 LTrl. Ill.Ec.D. TAT ee elele 1312 | ILShE. 
13 33 | IILEc.D. Il.Oc.R Tiassa ae She 14 28 1.0c.D. 
13 56 LSh.E. 1024 | ILTrE. 16 58 LEc.R. 
14 13 LTr.E. IL.Sh.I. 1036 | ILSh.E. 
1755 | Il.Oc.R. IL Trl. 12 44 1.Oc.D. | 27 1136 LTrl. 
| IL.Sh.E. 15 04 LEc.R. 1154 L.Sh.I. 
5 244 | ILShI. ILTr.E. 1351 LTrE. 
320 | ILTrl. LEc.D. 952 LTrl. 14 09 I.Sh.E. 
526 | ILSh.E. 1.Oc.R. 959 LSh.. 
5 S74 aire. 12 07 Lines 128 413 | IL.Oc.D. 
900 LEc.D. LSh.I. 1214 LSh.E. 734 | ILEcR. 
1131 LOc.R. LTr.. 8 54 1.Oc.D. 
I.Sh.E. 158 | I.Oc.D. 11 27 LEc.R. 
6 609 LSh.L. LTr.E. 456 | ILEcR. 
6 25 LTrI. ILEc.D. 710 1.Oc.D. | 29 6 02 LTrl. 
8 24 I.Sh.E. 9 32 LEc.R. 6 23 LSh.1. 
8 39 LTr.E. Il.Oc.R. 817 LTrE. 
2057 | Il.Ec.D. LEc.D. 418 (gibt 8 38 I.Sh.E. 
1.Oc.R. 428 L.Sh.1. 1423 | TLTrie 
i 008 | IUL.Oc.R. 6 33 LTr.E. 1546 | ILSh.I. 
329 LEc.D. LSh.I. 6 43 L.Sh.E. 1729 | ULTrE. 
557 1.Oc.R. LTrl. 11-07 |-ah irl 1859 | IILSh.E. 
LSh.E. 1144 | DLShI. 23 07 IL. Trl. 
8 0 38 LSh.I. LTr.E. 1412 | ILTrE. 2349 | ILSh.I. 
051 LTr. IIL.Sh.1. 1458 | IILSh.E. 
253 L.Sh.E. IIL. Trl. 9053 | Dein #160 145 | ILTrE. 
3 05 LTr.E. ULTr.E. 2113 | ILShI. 229 | ILSh.E. 
340 | IIL.Sh.I. II.Sh.E. 23 31 ILTr.E. 3 20 1.0c.D. 
4o7 | Wonk. IL.Sh.J. 2354 | ILSh.E. 556 LEc.R. 
656 | DL.Sh.E. Wel 
739 | IL.TrE. ILTr.E. 136 1.0c.D. 
| 
I. Sept. 15-16 II. Sept. 17 Ill. Sept. 11 IV. Sept. 17 


xz, =-1.0, y, =+0.2 r2 =+1.0, y2 = +0.4 x) =-1.1, yi =+0.5 


t= —0.4, "U1 =+0.9 
x2 =+1.0, yo =+0.2 


rq =+0.6, y2 = +0.9 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; Tr., transit of the satellite; 
Sh., transit of the shadow, 


Fs 


SATELLITES: OF JUPITER, 1998 


CONFIGURATIONS OF SATELLITES I-IV FOR SEPTEMBER 


UNIVERSAL TIME 


PHASES OF THE ECLIPSES 


EAST 


i e, 


Ill WEST 


EAS 


| 


F34 SATELLITES OF JUPITER, 1998 
DYNAMICAL TIME OF GEOCENTRIC PHENOMENA 
OCTOBER 
d h om h om d hy m 
1 0 29 I.Tr.1. Dy Sie TER. | li: 0 41 LTE 24 20 54 II.Sh.I 
052 EShJe 1 26 I.Sh.E 20 56 III.Ec.R 
2 43 [Irn 219 I.Ec.R. 1036 |» Ifl.Oc.D 21 29 1.0c.D 
3 07 I.Sh.E. 20 40 pick 16 47 eat 21 45 I.TrE 
7h AA II.Oc.D. 21 16 Sb. 1655 IIl.Ec.R 23133 II.Sh.E 
20 53 II.Ec.R. 2255) eae 8. 18 18 II.Sh.I 
21 46 I.Oc.D. Zeal LSHE; 19 25 I-Tr.E 25 0 38 I.Ec.R 
19 42 I.0c.D 18 40 IGibell 
2 0 24 PEGR: PAS IJ.Oc.D. 20 58 II.Sh.E 19 36 I.Sh.I 
1855 ABA E 1254 IIJ.Ec.R. 22 43 TEc.R 20 55 PRE. 
19 21 L.Sh.I. 14 30 I. Tr.I. 2S I.Sh.E. 
21 09 ine 15 42 II. Sh.I. 18 16 53 pda 
21 36 ILSh.E, 17 08 MENGES), 17 41 ESik 26 13 28 II.Oc.D. 
17 56 1.0c.D. 19 07 Ieigs 15 56 I.Oc.D. 
3 3555 I.Oc.D. 18 22 ILSHE. 1955 ELShE 18 07 II.Ec.R. 
8 53 II.Ec.R. 20 48 LEc:R: 1907 I.Ec.R. 
12 14 eTrale 19 11 06 II.Oc.D. 
13 06 LESH: 15 06 MARAE 14.09 LOeD. [27 13 07 Pel, 
1452 Wet aer 15 45 I.Sh.1. 15 29 II.Ec.R. 1405 I.Sh.1. 
15 47 ILShE; Ian 1A 9 3 Lee J.Bc.R: 15:22 LTE: 
16 12 I.0c.D. 18 00 I.Sh.E. 16 20 I.Sh.E. 
18 53 I.Ec.R. 20 931 IV.Oc.D. 
19 08 IV.Oc.D. 2 18 Veil. 11 18 IV.Oc.R. | 28 3.57 I Tx: 
20 13 IV.Oc.R. 3 26 IAI Sel 8. 11 20 I.Tr.I 709 LTE. 
2S 2 IV.Ec.D: 8 15 IV.Sh.I. 12 10 I.Sh.1 LS III. Sh.I. 
8 47 II.Oc.D. 13 34 Link 8 16 Vie] Bey 
4 102 IV.Ec.R. 10 04 IV.Sh.E. 14 24 I.Sh.E 10 12 II.Sh.I. 
13 21 ares 1223 I.Oc.D. GANS IV.Ec.D 10 23 1.0c.D. 
13 49 L.Sh.I. 12 50 BEC Rs 19 06 IV.Ec.R 10 55 WH Sis 
[5735 LTr.E. 1S 7 I.Ec.R. 11 04 IIL.Sh.E. 
16105; |S TeSh-Ez 21 0 28 Ill. Tr.I. 1251 II.Sh.E. 
9 33 ei 3 38 DETr.E: 13 35 I.Ec.R. 
5) 6 29 II.Oc.D. 10 14 shee 3153 IIl.Sh.1. 17 04 TVitrr, 
10 12 II.Ec.R. 11 47 LTE 5 56 Tere 18 54 IV.Tr.E. 
10 38 I.Oc.D. 12 29 I.Sh.E. 703 IIL.Sh.E. 
13122: I.Ec.R. 2103 UL.Tr.I. 7 36 Il.Sh.1. 29 2 45 IV.Sh.I. 
PIE) ol I. Shel 8 35 TE 409 IV.Sh.E. 
6 747 I.Tr.I. 8 35 I.0c.D. 7,35 et el 
8 18 I.Sh.I. 012 TITRE, 10 15 II.Sh.E. 8 34 I.Sh.I. 
10 02 Watnes 302% | mUesh see 11 40 LER: 9 49 L.Tr.E. 
10 33 TShE; 3 38 DRI Bei lf 10 49 I.Sh.E. 
17 42 IL. Tr.I. 5 00 IL.Sh.I. 22 5 46 Rink 
19 49 IIL.Sh.I. 617 Tare 6 38 I.Sh.I. 30 2 40 Il.Oc.D. 
20/50 | I. Tre. 6 49 I.0c.D. 8 Ol REE! 450 I.0c.D. 
23 01 IL.Sh.E. 740 II. Sh.E, S58 I.Sh.E. EO II.Ec.R. 
9 45 L.Ec.R. 8 04 Reo. 
if 122 I. Tr.I. 23 018 I,Qc.D. 
2 24 IL.Sh.1. 3'59 Id Dei 3 02 LOGDe Tesi 2 02 irr. 
400 IL. Tr.E. 443 bile 449 Il.Ec.R: 3 03 ceShl, 
5 04 1.0c.D. 614 LTrE. 6 09 I.Ec.R. 416 1A Gi Si, 
5 05 ILSh.E. 658 LSh.E; 518 I.Sh.E: 
750 I.Ec.R, Bilvoul I.Oc.D. | 24 013 bell GAS) Ill.Oc.D. 
107 I.Sh.I. 20 49 Il.Oc.R. 
8 214 EIB a 1 16 Og: 2 28 Gite) es 2127 Il. Trl. 
247 I.Sh.1. 210 IL.Ee.R. S22 I.Sh.E. 21 48 II.Ec.D. 
428 11D Bi 414 I.Ec.R. 14 03 IW.Oc.D. ASS AUA 1.0c.D. 
5 02 LSh.E, 22 26 Lara 17 15 Iil.Oc.R. 23 30 Il.Sh.1. 
19 38 Il.Oc.D. 23.12 I.Sh.1. 17 45 I.Ec.D. 
pre so I.Oc.D. 19 06 Us bale 
I, Oct. 14 II. Oct. 16 Ill. Oct. 17 IV. Oct. 20 


T= +116, Yo = 10:2 


@2=+2.0; Yo=t03 


tq =+2.6, yo = 10.4 


£1 =+2.9, Y= +0.9 
f2 =+3.6, yo =--0,9 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; Tr., transit of the satellite; 


Sh., transit of the shadow. 
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SATELLITES OF JUPITER, 1998 


CONFIGURATIONS OF SATELLITES I-IV FOR OCTOBER 


UNIVERSAL TIME 


EAST 


EAST 


d Ta 


d WEST 


oP eZ 


— 


pn C/A VAIWAEN| 


NS 


a a4 


10:0. == 


16.0 


PHASES OF THE ECLIPSES 


EAST 


+r 


O 


Hl WEST 


EAST 


Cr 


WEST 


IV 


+r 


F36 


d 


058 
2 08 
2 33 
20 29 
21 32 
22 44 
23 46 


A NSpsy 
17 44 
20 46 
21 02 


3 I4a7 
1601 
17 11 
18 15 


4 TESS 
10 39 
10 44 
1158 
12 il 
12 47 
13 18 
15 06 
15 26 
15 30 


5 9 24 
10 30 
11 38 
12 44 


6 0 54 
3 08 
5 06 
6 38 
9159 
10 06 
11 41 
13 09 


dl S02 
459 
6 06 
was 
21 11 
23 51 


8 0 26 
1 06 
1 SO 
2 05 
2 30 
4 28 


SATELLITES OF JUPITER, 1998 


DYNAMICAL TIME OF GEOCENTRIC PHENOMENA 


NOVEMBER 


h m 
1 0 06. 


IL.Tr.E. 
III.Ec.R. 
II.Sh.E. 
DECIR. 
I.Tr.1. 
I.Sh.I. 
Jeb as). 
LSh.E- 


I.Oc.D. 
1.Oc.D. 


II.Ec.R.- 
I.Ec.R. 


Pjbeif 
I.Sh.I. 
ne. 
I.Sh.E: 


LONGI BEL 
IL. Tr.I. 


ITrE: 
I.Sh.1. 
I.Oc.D. 


I.Sh.I. 
IL.Tr.E. 


III.Sh.E. 


II.Sh.E. 
I.Ec.R. 


J igiae 
I.Sh.1. 
bed ee 
I.Sh.E. 


IV.Oc.D. 
IV.Oc.R. 
II.Oc.D. 
1.0c.D. 


I.Ec.R. 
IL.Ec.R. 
IV.Ec.D. 
IV.Ec.R. 


Teint. 
PSH: 
Tile, 
I.Sh.E. 


II.Oc.D. 


I.Tr.I. 


T.Oc.R. 
1.Oc.D. 
I.Ec.D. 


IL.Sh.I. 
eink: 
LEc.R. 


I. Nov. 15 


rq =+2.0, yo=+0.2 


h £m 
4 44 II.Sh.E. 
459 | IILEc.R. 
22 19 Trl. 
23 28 I.Sh.I. 
0 34 bie, 
1 42 L.Sh.E. 
18 19 I.Oc.D. 
19 33 I.Oc.D. 
22 57 LEc.R. 
WSIS, II.Ec.R. 
16 47 ine: 
Sy I.Sh.I. 
1901 rE. 
20 11 T-Sh:E: 
JIE ut gee 
13 04 IL. Tr. 
1401 I.Oc.D. 
1424 | IIL.TrE. 
15 23 IL.Sh.1. 
15 43 ILTr.E. 
1601 | IM.Sh.1. 
17 26 Ee R. 
18 02 IL.Sh.E. 
1908 | II.Sh.E. 
Alans [.Tr.I. 
12 26 I.Sh.1. 
13 29 ree. 
14 40 ESB! 
7 34 Il.Oc.D. 
8 28 I.0c.D. 
11 54 REGR. 
12 45 ILEc. R. 
5 42 Tatil: 
655 I.Sh.1. 
7 Oi Tonk. 
Sid) —|—-LVe Dl 
9 09 I.Sh.E. 
1111 IV.Tr.E. 
2 21 IV.Sh.1L. 
22109" | IV.SHE. 
052 | Il.Oc.D. 
217 IL.Tr.I. 
256 1.0c.D. 
408 | Ill.Oc.R. 
44] ILSh.I. 
457 rE 
S55) EoD: 
6 23 L.Ec.R. 
719 ILSh.E. 
901 IIL.Ec.R. 


2 25 
3 38 
20 49 
21 24 


052 
2 04 
18 38 
19 53 
20 53 
22 07 


1455 
15 31 
15792 
1759 
18 09 
18 11 
19 21 
20 04 
20 37 
23 09 


13 06 
14 22 
15 21 
16 36 


10 05 
10 20 
13 50 
15 24 


ofe's) 
$51 
9 49 
1105 


4 38 
4 46 
4 48 
aly 
7 26 
105%) 
819 
955 
TS 
13 02 
17 24 
1955 


2 03 
3 20 
417 
5 34 


Ibe 
I.Sh.I. 
Ink: 
I.Sh.E. 


IL.Oc.D. 
I.Oc.D. 


I.Ec.R. 
IJ.Ec.R. 
hak 
I.Sh.1. 
Tree. 
I.Sh.E. 


I. Tr.I. 
IL. Tr.1. 


II.Sh.1. 
Il-TreE. 
IL.Tr.E. 
I.Ec.R. 
II.Sh.I. 
IL.Sh.E. 
I.Sh.E. 


I.Tr.l. 
1.Sh.1. 
I.Tr.E. 
I.Sh.E. 


I.Ec.R. 
ILEc.R. 


1.Tr.l. 
I.Sh.1. 
LTr.E. 
I.Sh.E. 


IL. Tr.I. 


IL.Sh.1. 
sie heal 


I.Ec.R. 


II.Sh.E. 
II.Ec.R. 


L.Trl. 
I.Sh.1. 
I. Tr.E. 
LSh.E. 


I.0c.D. 


IL.Oc.D. 
1.0c.D. 


Il.Oc.D. 
1.0c.D. 


Tll.Oc.R. 
II.Ec.D. 


IV.Oc.D. 
IV.Oc.R. 


II. Nov. 17 


wo =+2.6, Yo =+0.3 


Ill. Nov. 15 


x1 =+1.9, y, =+0.4 
x2 =+3.5, yo = +0.4 


h m 
612 IV.Ec.D. 
7 08 IV.Ec.R. 
23 16 1.0c.D. 
23:21 II.Oc.D. 
247 1.Ec:R. 
443 II.Ec.R. 
20 31 Ge i 
21 49 LSh.I. 
22 46 L.Tr.E. 
003 L.Sh:E. 
17 44 1.Oc.D. 
1801 Wir 
1846 | ILI.Trl. 
20 36 II.Sh.I. 
20 41 IL TE. 
21 16 L.Ec.R. 
22:00 | THL-TrE. 
2313 II.Sh.E. 
008 | III.Sh.1. 
52: IlI.Sh.E. 
15 00 IKib ae 
16 18 L.Sh.1. 
17 14 LTr.E. 
18 32 L.Sh.E. 
1212 1.Oc.D. 
12 38 II.Oc.D. 
15 45 I.Ec.R. 
18 03 II.Ec.R. 
9 28 Taher 
10 47 I.Sh.I. 
11 43 LTr.E. 
13 01 I.Sh.E. 
641 1.Oc.D. 
hag Sg 8 ed 
830 | Ii.Oc.D. 
954 II.Sh.I. 
O15] IL Tr.E. 
10 14 LEc.R. 
11 47 Ill.Oc.R. 
1231 II.Sh.E. 
IsS7 IIl.Ec.D. 
17 03 III.Ec.R. 
357 ir 
516 LSh.I. 
611 L.TrE. 
Te30 I.Sh.E. 
IV. Nov 23 


xr, =+4.8, y; =+0.8 
x2 =+5.2, yo = +0.8 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; Tr., transit of the satellite; 
Sh., transit of the shadow. 


SATELLITES' OF: JUPITER; 1998 Faz 


CONFIGURATIONS OF SATELLITES I-IV FOR NOVEMBER 


UNIVERSAL TIME 


d WEST EAST | 4 weEsT EAST 
0.0 : 16.0 


32.0 
PHASES OF THE ECLIPSES 


I WEST EAST | Tl WEST EAST 


F38 


SATELLITES OF JUPITER, 1998 
DYNAMICAL TIME OF GEOCENTRIC PHENOMENA 


DECEMBER 
h 1 h om d h m 
1 109 I.Oc.D. 9 021 Lele (9 1 44 Noe & Il. Tr.E. 
Pa) Il.Oc.D. 1 42 IESE 3 02 LEc.Rs IIL. Sh.I. 
201 IW BAE 23s) Pairk; 424 || ILShL II.Sh.E. 
4 28 IVIL: 355 I.Sh.E. 4 25 IL. Tr.E: L.Tr.J 
4 40 II.Oc.R. 11 00 IV.Oc.D. 6 43 Il.Tr.I. 
4 40 ILEeiD, 13 38 IV.Oc.R. 701 II.Sh.E. LSh.J 
4 43 I.Ec.R. 232 I.Oc.D. 958 IIL. Tr.E. 058 iba ee 
Uo? ILEc:R: 23 08 Weir 1: 12,16, |) DShil 2 16 I.Sh.E 
INH PEs) Tere Nex it7/ II.Sh.E. 19 54 I.Oc.D 
23 45 I.Sh.1. 10 107 LER. 20 10 IV.Tr.I. 23 14 Il.Oc.D 
1 48 II.Sh.I. 20 46 L.Tr.I. PESO) I.Ec.R 
2 0 40 ere 1 48 ITE: 22 07 I.Sh.I. 
159 I.Sh.E. 2 39 I. Tr.I. 22 42 IVE 26 438 II.Ec.R 
19 38 kOcD: 425 TESHE, hire? 39 IV.Oc.D 
20 33 earl 5.95 Dees: 814 IV.Oc.R 
2240 | ILTrl. 8 13 IlI.Sh.1. 18 0 20 I.Sh.E. 17 13 I.Tr.I. 
2312 BOR! LIPS III.Sh.E. 17 57 1.Oc.D. 18 32 She. 
23 12 II.Sh.I. 18 49 Lard 20 32 Il.Oc.D. 19 27 Lark. 
2315 IL.Tr.E. 20 11 L.Sh.1. 21 31 I.Ec.R. 20 45 I.Sh.E 
21 04 G4 ig) 28 23-Mif II.Oc.R. 
3 1 49 II.Sh.E. 22 24 LSE: ILEc.D. | 27 14 23 1.0c.D 
5S Ill. Tr.E. 17 43 Wet. 
411 I. Sh.I. 11 1601 1.Oc.D. | 19 159 Il.Ec.R. 1755 LEe.R 
7TV4 | T.SRE: 15 15 1 Gel: 20 19 II.Sh.1. 
16 54 twee 16 36 I.Sh.I. 20 24 IL TE 
18 14 I.Sh.I. 17 30 1) Wal Bi 2255 II.Sh.E 
19 08 I.Tr.E. I.Sh.E. 
20 28 eSh-E. 28 044 Ill.Oc.D. 
20 12 26 I.0c.D. 401 Ill.Oc.R. 
4 14 06 1.0c.D. 15 03 Il. Tr. 6 08 IlI.Ec.D. 
15 14 |, OcD: 16 00 TEOR: 910 III.Ec.R 
17 40 I.Ec.R. 17 42 Il.Sh.1. 11 42 Thee 
17 58 II.Oc.R. 17 44 IETrE: 13 01 I.Sh.1. 
18 00 ITEC: 20 19 II.Sh.E. 1 eb TB? 
20 41 IWECR' 2034 | ThOcD: 15 14 I-ShE: 
Ill.Oc.R. 
5 1128 bel 29 8 53 1.0c.D. 
12 43 LShal. 2 2 06 III.Ec.D. 12 24 RhecR. 
13) 37 LEE: 5 09 ILEc.R. 12 35 I.O6.D. 
1457 I.Sh.E, 9 45 ie 17 56 II.Ec.R. 
6 : P 11 05 EShik 
6 8 35 1.0c.D. 19 46 Ill.Oc.R. 11 59 LirESFs0 612 Rabel 
950 I.Tr.I. 22 03 Il.Ec.D. ].Sh.E: 730 I.Sh.1. 
12 09 I.Ec.R. 827 L.TrE, 
1226 | Oc Do yWil4 1 06 I-Be.Re | 22 655 1.0c.D. 9 43 LSheE. 
12 30 IL.Sh.1. 748 {beg Beg 952 Il.Oc.D. 
12 30 UTE: 909 EAN We 10 29 LER: | 31 322 1,.Oc.D: 
15 07 II.Sh.E. 10 02 LIrE, L230 Il.Oc.R. 653 LER. 
1544 | Hl.Oc.R. 11.22 I-Sh:E; 12 37 Il.Ec.D. 703 II.Tr.1. 
18 00 Il.Ec.D. 15 18 IEGR 937 Il.Sh.1. 
2105 IEe:R:--1e15 459 1.0c.D. 9 44 IIE. 
Hey II.Oc.D. | 23 414 Daly. 12 14 II.Sh.E. 
7 3-02 Tern 8 33 I.Ec.R 5 34 I.Sh.I. 15 03 Tian 
GAZ LSh.I. 956 I.0c.R 6 28 LINB, 18 18 I-ar.B. 
8 06 LTr.5; 958 Il.Ec.D I.Sh.E. 20 22 ULSh.L. 
9 26 Toh. 12 39 I.Ec.R Te wed)| II.Sh.E. 
125 I.Oc.D. 
8 3 03 1.0c.D. | 16 PENG) |B alle 4 23 Mae $y) 0 42 Lic. 
4 32 I1.Oc.D. 3 38 I.Sh.I. 458 I.Ec.R. 1 59 Shae 
6 38 I.Ec.R. 431 LTE 700 ILSh.I. 2 56 IVE: 
WOVE I].Oc.R. 551 LShE 704 Mba ee 412 LShE: 
719 IJ.Ec.D. 23 28 1.Oc.D 937 IL. Sh.E. 2152 L.0c.D: 
10 00 ILEc.R. I.Tr.1. 
I, Decals Deets) Ill. Dec. 13-14 IV. Dec. 
Dose. Yy2= +0.2 Giese Oe Y1= +0.3 ara iy Y= +0.4 No Eclipse 


rq =+2.8, yo =+0.3 


x2 =+3.8, yo =+0.4 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; Tr., transit of the satellite; 


Sh., transit of the shadow. 


SATELLITES OF JUPITER, 1998 F39 
CONFIGURATIONS OF SATELLITES I-IV FOR DECEMBER 
UNIVERSAL TIME 

n ia ae =| ea WEST EAST 
1.0 (0 
2.0 18.0 
3.0 19.0 
4.0 20.0 
5.0 21.0 
6.0 22.0 
7.0 23.0 
8.0 24.0 
9.0 25.0 
10.0 26.0 
11.0 27.0 
12.0 28.0 
13.0 29.0 
14.0 | 30.0 
15.0 31.0 
16.0 32.0 

PHASES OF THE ECLIPSES 
1 WEST EAST | Ill WEST EAST 


II 


no eclipse 


F40 RINGS OF SATURN, 1998 
FOR 0" UNIVERSAL TIME 


Axes of outer edge of 
Date outer ring U B P U’ B’ Pp’ 
Major Minor 

Jan. =| 40.89 6.30 242.709 —8.861 +2.974 208.257 —11.445 +24.511 
3 40.60 6.30 242.804 8.927 2.965 208.386 11.502 24.480 

7 40.31 6.31 242.925 9.004 2.953 208.516 11.559 24.448 

11 40.03 6.33 243.072 9.093 2.938 208.645 11.616 24.416 

1S) 39.75 6.35 243.243 97193 ZOD 208.774 11.673 24.384 

19 39.48 6.38 243.439 —9,304 +2.902 208.904 —11.730 +24.351 

23 39.22 6.42 243.658 9.426 2.880 209.033 11.787 24.319 

20 38.97 6.47 243.899 O37) 2.856 209.163 11.844 24.286 

31 38.72 6.52 244.163 9.697 2.829 209.292 11.901 24.254 

Feb. 4 38.49 6.58 244.447 9.847 2.800 209.422 11.958 24.221 
8 38.27 6.65 244.751 —10.004 +2.770 209.552 — TOUS +24.188 

12 38.06 6.72 245.074 10.168 D137 209.682 12.072 24.155 

16 37.86 6.80 245.414 10.340 2.703 209.812 12.128 24.121 

20 37.67 6.88 245.771 10.517 2.666 209.942 12.185 24.088 

24 37.50 6.96 246.144 10.700 2.628 210.072 12.242 24.054 

28 37.34 7.05 246.532 —10.889 +2.589 210.203 —12.298 +24.021 

Mar. 4 87219 7A5 246.933 11.081 2.547 210.333 12.355 23.987 
8 37.06 7.25 247.346 11.278 2.505 210.464 12.411 23.953 

12 36.94 MS 247.770 11.477 2.461 210.594 12.468 23.918 

16 36.83 7.46 248.205 11.679 2.416 210.725 12.524 23.884 

20 36.74 TS 248.648 —11.883 +2.370 210.855 —12.580 +23.850 

24 36.66 7.68 249.100 12.089 2.323 210.986 12.637 23.815 

28 36.60 T9 249.558 T2295 PRONE 211.117 12.693 23.780 

Apr. 1 36.55 TN 250.023 12.502 2.226 211.248 12.749 23.745 
5 36.51 8.03 250.491 12.708 Daf 211:379 12.805 23.710 

9 36.49 8.15 250.964 —12.914 2b27 2TKS11 —12.861 +23.675 

13 36.48 8.28 251.438 13.118 2.076 211.642 12.917 23.640 

17 36.48 8.41 251.914 13.321 2.026 207 TS 12.973 23.604 

21 36.50 8.53 252.391 13.522 1.975 211.905 13.029 23.569 

25 36.53 8.66 252.867 S79 1.924 212.036 13.085 231533 

29 36.58 8.80 253.340 —13.914 +1.873 212.168 —13.141 +23.497 

May 3 36.64 8.93 253.811 14.105 1.822 212.300 13.197 23.461 
il 36.71 9.06 254.278 14.292 lie 212.431 13.252 23.425 

11 36.80 9.20 254.739 14.475 1722 212.563 13.308 23.388 

15 36.90 9.34 255.194 14.653 1.672 212.695 13.364 23.352 

19 37.02 9.47 255.642 —14.825 +1623 212.827 —13.419 “Eon 

23 37.14 9.61 256.081 14.993 L575 212.960 13.475 23.278 

PY 37.28 913 256.511 15.154 1.528 213.092 13.530 23.241 

3] 37.44 9.88 256.930 15.309 1.482 213.224 13.585 23.204 

June 4 37.60 10.02 PASS) eRe ME 15.457 1.437 213.357 13.641 23.167 
8 37.78 10.16 257.731 =15.599 +1.394 213.489 —13.696 +23.129 

12 DQ 10.30 258.111 15.1733 1.352 213.622 LSufoul 23.092 

16 38.17 10.43 258.476 15.860 1.311 213.755 13.806 23.054 

20 38.38 10.57 258.824 15.979 1.272 213.888 13.861 23.016 

24 38.61 10.70 259.156 16.091 1.236 214.021 13.916 22.978 

28 38.84 10.83 259.469 — 16.193 +1.201 214.154 —13.971 +22.940 

July 2 39.09 10.96 259.763 —16.288 +1.168 214.287 —14.026 +22.902 


Factor by which axes of outer edge of outer ring are to be multiplied to obtain axes of: 


Inner edge of outer ring 0.8932 Inner edge of inner ring 0.6726 
Outer edge of inner ring 0.8596 Inner edge of dusky ring 0.5447 


RINGS OF SATURN, 1998 F41 
FOR 0" UNIVERSAL TIME 
Axes of outer edge of 
Date outer ring U B P We Ba P 
Major Minor 
a a” ° ° ° ° fe} | Saokc eee 

July y, 39.09 10.96 259.763 —16.288 +1.168 214.287 —14.026 +22.902 
6 39.34 11.09 260.036 16.373 eH BS9/ 214.420 14.081 22.863 

10 39.60 UT 260.288 16.450 1.109 214.553 14.136 22.825 

14 39.87 11.34 260.518 16.517 1.083 214.687 14.191 22.786 

18 40.15 11.45 260.724 16.576 1.060 214.820 14.245 22.747 

Pipe 40.43 eS) 260.907 — 16.624 +1.039 214.954 —14.300 +22.708 

26 40.72 11.68 261.064 16.664 1.022 215.088 14.354 22.669 

30 41.01 11.78 261.196 16.693 1.007 215.221 14.409 22.630 

Aug. 3 41.31 11.88 261.301 16.713 0.995 PANSY BI) 14.463 22.590 
7 41.61 11.97 261.381 16.723 0.986 215.489 14.518 D2 Ooi 

11 41.91 12.06 261.433 —16.723 +0.980 215.623 —14.572 +22.511 

15 42.20 12.14 261.458 16.713 OO 215.758 14.626 22.471 

19 42.50 1A 261.455 16.694 0.977 215.892 14.680 22.431 

23 42.79 12.27 261.426 16.665 0.981 216.026 14.734 22.391 

PU 43.08 sad 3383 261.368 16.627 0.987 216.161 14.788 22.350 

31 43.36 WASH 261.284 —16.579 +0.996 216.295 —14.842 +22.310 

Sept. 4 43.62 12.41 261.174 16.523 1.009 216.430 14.896 22.269 
8 43.88 12.43 261.039 16.458 1.024 216.565 14.950 22.228 

12 44.13 12.45 260.879 16.385 1.042 216.700 15.004 22.187 

16 44.36 12.45 260.697 16.304 1.062 216.835 15.058 22.146 

20 44.57 12.45 260.492 —16.216 +1.085 216.970 =[5.111 +22.105 

24 44.76 12.43 260.266 16.121 1.110 217.105 15.165 22.064 

28 44.94 12.40 260.022 16.021 1.137 217.240 15.218 22.022 

Oct. 2 45.09 12.36 259.762 15.915 1.166 217.375 15.272 21.980 
6 45.22 1232 259.488 15.805 LO, 217.511 S335) 21.939 

10 45.32 12.26 259.202 —15.692 +1.229 217.647 —15.378 +21.897 

14 45.40 12.19 258.906 15.576 1.262 PNET [5.432 21.854 

18 45.45 bale 258.603 15.459 1.295 217.918 15.485 21.812 

DD, 45.48 12.03 258.296 15.341 1.329 218.054 15.538 21.770 

26 45.48 11.94 257.988 15.224 1.363 218.190 S59! Neda 

30 45.45 11.85 257.681 —15.109 +1.397 218.326 —15.644 +21.684 

Nov. 3 45.39 11.74 Douay 14.996 1.431 218.462 15.697 21.642 
ad 45.31 11.64 257.081 14.887 1.463 218.598 15.749 21.599 

11 45.20 iilesyes 256.794 14.783 1.495 218.735 15.802 ZIES95 

15 45.07 11.42 256.518 14.684 1.525 218.871 15.855 DAS 

19 44.9] sitesi 256.257 —14.592 +1.554 219.008 —15.907 +21.469 

BE: 44.73 11.21 256.012 14.508 1.581 219.144 15.960 21.425 

Dy, 44.53 11.10 255.786 14.432 1.605 219.281 16.012 21.381 

Dec 1 44.31 10.99 255.580 14.365 1.628 219.418 16.065 PV SEH! 
=) 44.08 10.89 299.397 14.309 1.648 219.555 16.117 21.293 

9 43.83 10.80 DIZ, —14.262 +1.665 219.692 —16.169 +21.249 

3) 43.56 10.71 255.101 14.226 1.680 219.829 16.221 21.205 

17 43.29 10.62 254.992 14.201 1.692 219.966 16.273 21.160 

21 43.00 10.54 254.909 14.188 1.701 220.104 16.325 21.116 

25 42.71 10.47 254.854 14.186 1.707 220.241 16.377 21.071 

29 42.42 10.40 254.827 —14.196 +1.710 220.379 —16.429 +21.026 

33 42.12 10.34 254.829 —14.218 +1.710 220.516 —16.480 +20.981 


Factor by which axes of outer edge of outer ring are to be multiplied to obtain axes of: 


Inner edge of outer ring 0.8932 
Outer edge of inner ring 0.8596 


Inner edge of inner ring 0.6726 
Inner edge of dusky ring 0.5447 


SATELLITES OF SATURN, 1998 
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SATELLITES OF SATURN, 1998 


UNIVERSAL TIME OF GREATEST EASTERN ELONGATION 
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oO SBS eae eS SR AIG SOs oo oo > SNe 2 Soni oeen ith aeee i oon iho =“OCe onmNo- oo-o-7 Aom~ao -—-O-NO 
a DHNANMtTt NORWOOD SCHAMt NOFOH DORAM THORS DOr-A OANMTOR DOmMt MNOWOHDHR AtNwoOo 
Sas Se AAQANAN ANAANN AMNNMN SS eS =a eH AAANAN 
ob AP SRLS AAG a UCD SS SONGET MSIE OES ES SHES whe SQCAN Gate SSE NENT CR SA aOR SRY Ration. FO OON 2 SOGN: ON COR BS SO SES et Co 
x SHKMNNANSDHR CONTN BRADOKH FTADON BHOWOrH TMNHAOH FO SAWOMNN BRONNDA FAROH YrNROoO= 
iS SCNANAF Fae —=OSCD SCOCSGN ANSGAR BAH RSO OS SSnOH NOBRNGSG HORAD ANCHO 
Zz VoHSAMt NOFDOH GDHAMt NOK DOH DAOCHAM THOR MO DO DAMAOKH WOOHRNtT NHNOODHR ANNO 
SS SSS SS SS SaNNAN NAAANN Ao SS eS i ee ANNANN 
per SE SUISISD ON LAU SUERCOIONT HNCNNIC ONS Sy NSNNICHNG iI TSC CN NAN eS INOS esse FREON SEGA | STON CONS! NGS EISBN OSE OOS 
a —=SOrH THNHSCHO FCOTNA BDNHAOHD CPOTMNNAN DAWOHW DAA NHCSCHSD AON SO wHVtNnNOrR BHOATN 
9 ANASee SHR TG CODCOD GANAS FARR SBOOSO CO =—=NORS SGHORN CHNGOH CBR AO 
eo) DoHNMNTH OFAODOD BAANMtTNH OOFOD CGHAAMtT NOKCWOHR O- PAAtTNE OHDANM NOFAD Anton 
Ce ee ee ee eon! SOO NANAN NANAN mm er ae ee NN NNNNA 
; EDS NONN Te ONO VUES AE™ ONNAYF IC ORS I MS NIN oles Se alLSOVONINALS | Soi SES NO) SNCS PEIN UE EE ON GE NON Ss SON CON ONO CO 
e. MOUMN SHOGH BDADMAN BROOCH TANGHASO KCHtHnH OA DASANSK wotnwor AKotM AROS 
® SS TOO SOO COONN NAAR BROOD COOOO SN SaORN SCGHNOH SCDHANOR NOOO 
n VDaANMtN OCPONDND ANMMt NOP OD OCOAAMTtT NOKWHR CO VoHNTNO DHONM NHNOKrADAGD ammnxtor 
SO ANANN ANNAN OM SRR SSR SA NAANA 
te CIE COON Gest OO IGN COS = CONG lL OC ty OOTY SCO A aU COONS Le ON OO = NO LOIRE SON 1 ONCOMS LOST ORIG TON OO 
oe BTNAR COO HYTH BDONTHSO orwMtem BHOarSs +tHNOM ASOD OTNOrK ATKOwHt AOOHSD Arno 
=} SaeHO COCO O CONNN See a He BROOSG CGOCOSN ANS SANSGH CGHNOF NORCO FHORNS 
< DHANMTMN OFODD BANAMT NOFAOHR OCAAMt NOKrwOOM DO DAMTOR DOnMt NErWOCO— AtNHOG 
SO OH ANNAN ANNAN AMM SRS SB RRANN ANANANA 
FN NICO AN al GROANS MAIC OBS SON Raima SS INSINSINICN Mirtle ISAKEN eM STCS) ENEMIES AIKEN WR ea SHOM SSS SIE ON GON ENS AEN Hl all SSMSAM SESE rN 
ss MASCOK OYTNHOD HNHOAM OTMND DAWDOONNM AHMAD ADAovwo co ~MAROH YMKROD CDATNA CNOA = 
= Sasa SOO SOCCS ANNSH Fe HS SSOSOGO CONAN FA i) SB=ORNGO BNOTRO SHORN CORSO N 
= HN ISSANMNTN OF DDO CANMNt NOPOH GCHAMt NONMOKS DO BQ jer atNE OCDNANT NOWDHDSD ANNO = 
< et st Se) ANNAN NANQAN NOM < Sone ihomel ae NN ANANANN foe) 
a ETIEMNDO NOtTAE MANNAD TORMDA NawetoO ONQANH= K+ Sha Bree STOAGAO Doron tmaA-o 
@ = ALYCOtram ASMNAG Aronn AAASSD HYYAHS AmAaAwor wet O SISOS | SALMA Ono, MA sien 
S SOSSSD CONNNQ BSH S=HAOOG COCOCOS ANSGAR FAS > SNCS O SHORN SHSSOH CHANG 
5 VDoHANMtN OFFOD CHNMt NOFOD CHAMt LTHOKLD DO fY |PKAYNR CODANM NOWDS Anwtoo 
ee ee ANNAN ANCAAN AG See SSRN NANANNA 
Gan cal Sep SS NEN ICS Rat ASSN GES Os 5 NACA SONG SED oah FEROS QON SOO NO NGS CR iO ONE COIS NOMA St: 
> SHONNTH HANOCAWD ONTNGH AwoOrnwut MDHONH SHruout MAO SBASAYN HONOR OHA H YrNOKA 
s SSCSCO ANN Sea SSSCSCO DOSGAN ASA Saa BAS SHOR NSGHSS FORND BNOHO 
= DOINMtTNH NOFPOD DHNMNt NOFOH COHAANM tTHOKRO DO DANMNO FADCAM TOROD BAtHE 
ee Sass ANNAN ANNAN AMM See SSH RNQ NANAAN 
Fa ED eA NECN OO rts ea be OIE NO CNS reed Ko OT EN KN eh NO ON CONS ORB SSCS COTES OIG) 
a ASNNRK DAWOONnt AHOCMOK WYNDNHOD MHOOK OTNNAD arc CSNSAS APMOWwt NOKAKH AtNnAL 
a. DONNN Sane S=saROO0 COCOSD ANAS SAH OO SHASOn CDHNOH ASDHOR BOHN 
< DoIAAM+T NOFDOH DHNnt NOFWOHR DOHRAM THORS DO DPAMNOR DOnMt NROOR AtNwO 
SS RS ANNAN ANNAN AM SSeS RR RAN NAAAA 
NEVES GSU SSIS GE ata SSIS SDS ohh | SE SPIKE N NOH GS Nn, 2) SSIES ASA eKONNOMS CONG ea SAC RUS ON Ig wile 2 Te Os ONG CT ICN ON CO TS ON SCO STOO CO own 
uw NANDODO HY¥NRO KCK wHTH FDONMNTHO Orotm NASCAHMO NM TATSOH TNOOH SGDATMNA HOH DO As 
SI ANSGAR BRR OCOOOO CONNAQ See BTOOO OO S=OAMAND BANOHRO SHORN COA OOR =a 
= DANMtTN OF ODD BANMTNH OFROD GCHAMt NOKRWMDHR Ca DaoMNtNHE ODANt NOWDHDD AMNNnor on 
pa OS Sa ANNAANN ANNAANN oa mon) ad tt aA ON NANNN (eK ao] 
Tei CONAN |S OOE ST OBS Ce ONO N CONT BOT CN OO) Sincere SC CNC GN OP) ee NO, OO) BIC USO OOS CS ORM CHEC O:O500 
a) WtNARO ON OtTHDM BOMBS ArPOtTM ASCAWOO WYMAN LCOBOR THNAOGOH DSDADHA H—ONnMO 
D Saas COSCO D SCONNN Se sae BRROOSO COSCON SnAOneH OHNO SORCOH NSOHAS 
ad VHANMtTN OF ODD ANANMt NHNOFAHR OCOAAMYT HOKrWO VAMNOM DOant ON WOH AtNW 
Se ANNAN ANANANAN SS SAN ANANNA 
ie NO) CICS EOC CONMD ay NCSC ONO NOOSE CAE ONO TCO ST Bei COON On NO SS SOIL NON CO ENON SEGRE Nah OO 00 5 a Ie OR tc 
e FONHOD KFCOYTNDA SDMHROH FPONMN CAMOOGOH TAGMHA BWAOr SATAH ONSDAD ANewHt MOKA 
e Sano COCOD GNNANH Ba RR TOSOSOO COONN ASR SsOFN SCHSOR CDHNOTH NOHO 
= VORPNMNtT NOFWOD DOHRNM THOR O DOBRAM THOOKR MORO VORMtTNH FPODHRN THOWMDDR DAMNHNO 


AS hay ph 
DAS Sea -9 


Shi ayy? 
51125) 
709.8 
9 07.0 


11 04.3 
13 01.6 
1422.9 
16 20.2 
18 17.5 


20 14.8 
22) 1211 
24 09.4 
26 06.7 
28 04.0 


30 01.3 


Re2a2 
414.9 
7 08.5 
1002.1 
12 19.8 


Heyl lousy 
18 07.1 
21 00.8 
23 18.4 
Zone 1 


1 23.4 
417.1 
7 10.8 
10 04.4 
12225) 


15 15.8 
18 09.5 
21 03.2 
23 20.8 
26 14.5 


30 23.2 | 30 01.4 | 30 03.5 | 29 05.8 | 29 08.2 
S201.9 


d oh 
202.1 
6 14.4 
11 02.7 
US; 1531 
2003.4 


24 15.8 


F44 SATELLITES OF SATURN, 1998 
UNIVERSAL TIME OF GREATEST EASTERN ELONGATION 
Jan. | Feb. Mar. Apr. May June July Aug. Sept. Oct 
TETHYS 
dp ihulivd) held) helede Helaids Rialied es hid ibn edge beled 
-120.4} 220.2} 106.9} 209.5} 2149} 120.2] 201.4] 1064] 208.6 
77 | eaaleS iS O42 eA OG ON i412 25 Bal 7 53 2257 MeO 327) es O5:O) Nea 10:6 
315.0} 614.9] 501.5] 604.2] 609.6} 5149] 520.0} 501.0} 603.2) 607.8 
512.4) 812.2) 6229) 801.6] 806.9} 712.2) 717.4] 6224} 8005) 805.1 
709.7 | 1009.5} 820.2} 922.9} 1004.2} 909.5] 914.7] 819.7} 921.8 | 1002.4 
9 07.0 | 12 06.9 | 10 17.5 | 11 20.2 | 12 01.6 | 11 06.8 | 11 12.0} 10 17.0 | 11 19.1 | 11 23.7 
11 04.3 | 1404.2 | 12 14.9] 13 17.6 | 13 22.9 | 13 04.2 | 13 09.3 | 12 14.3 | 13 16.4 | 13 21.0 
13 01.6 | 1601.5 | 14 12.2 | 15 14.9 | 15 20.2 | 15 01.5 | 15 06.6 | 14 11.6 | 15 13.6 | 15 18.3 
14 23.0 | 17 22.9 | 1609.5 | 17 12.2 | 17 17.6 | 16 22.8 | 17 03.9 | 16 08.9 | 17 10.9 | 17 15.6 
16 20.3 | 19 20.2 | 18 06.9 | 19 09.6 | 19 14.9 | 18 20.1 | 19 01.3 | 18 06.2 | 19 08.2 | 19 12.9 
18 17.6 | 21 17.5 | 20 04.2 | 21 06.9 | 21 12.2 | 20 17.5 | 20 22.6 | 20 03.5 | 21 05.5 | 21 10.1 
20 14.9 | 23 14.8 | 22 01.5 | 23 04.2 | 23 09.6 | 22 14.8 | 22 19.9 | 22 00.8 | 23 02.8 | 23 07.4 
DO NOS DSN 212523) 22.9) 25 Olu 2 106.95) 2412.15) 24 17.2 123 22.0 2500-1 1 25,0427, 
24 09.6 | 27 09.5 | 25 20.2 | 26 22.9 | 27 04.2 | 26 09.4 | 26 14.5 | 25 19.4 | 26 21.4 | 27 02.0 
26 06.9 27 17.5 | 28 20.2 | 29 01.6 | 28 06.8 | 28 11.8 | 27 16.7 | 28 18.7 | 28 23.3 
28 04.2 29 14.9 | 30 17.6 | 30 22.9 | 30 04.1 | 3009.1 | 29 14.0 | 30 16.0 | 30 20.6 
30 01.6 Silly 8h 113 
31 22:9 
; DIONE 
hulador Wilestie Bb clectar Khaled ach d cd ach! | co nacht body eit 
BIOS 53) T2087: | 2aN198| a1 1S One 17-98) 93 14.4 2 16:8 | earl 
572312" PSI0224: 5105: 6-F 24 '08.17 1 4 7 O08 1S: 10.5 | ee5F 27 
817.0] 720.1] 723.3] 702.4) 705.4] 901.8] 8042) 806.4 
11 10.7 | 10 13.9) 1017.1} 920.2 | 923.1 | 11 19.4 | 1021.8 | 11 00.0 
14 04.5 | 13 07.6 | 13 10.8 | 12 13.9 | 12 16.8 | 14 13.1 | 13 15.5 | 13 17.7 
16 22.2 | 1601.4 | 16 04.6 | 15 07.6 | 15 10.5 | 17 06.8 | 16 09.2 | 16 11.3 
19 15.9} 18 19.1 | 18 22.3 | 18 01.4 | 18 04.2 | 20 00.5 | 19 02.8 | 19 05.0 
22 09.7 | 21 12.9 | 21 16.0} 20 19.1 | 20 21.9 | 22 18.2 | 21 20.5 | 21 22.6 
25 03.4 | 24 06.6 | 24 09.8 | 23 12.8 | 23 15.6 | 25 11.8 | 24 14.1 | 24 16.3 
27 21.2 | 27 00.4 | 27 03.5 | 26 06.5 | 26 09.3 | 28 05.5 | 27 07.8 | 27 09.9 
30 14.9 | 29 18.1 | 29 21.2 | 29 00.2 | 29 03.0 
q 31 20.7 
RHEA 
"DBs tug a’ gest “halle le al fag: Dah es! dae” Dee da ea 
316.5} 508.6): 112.0] 303.7} 319.0) 409.8] 111.9 
SIOS 19) 2 15271" 6:00.50) S716: 23 2S:07.45 822.2 1X6 00:2 
12 17.7 | 1409.7 | 10 13.1 | 12 04.7 | 12 19.8 | 13 10.5 | 10 12.5 
17 06.3 | 18 22.3 | 15 01.6 | 16 17.2 | 17 08.3 | 17 22.9 | 15 00.8 
21 23.4 | 21 02.8 | 21 18.8 | 23 10.9 | 19 14.1 | 21 05.6 | 21 20.7 | 22 11.2 | 19 13.2 
21 07.7 | 26 11.9 | 25 15.4 | 26 07.4 | 27 23.4 | 24 02.7 | 25 18.1 | 26 09.1 | 26 23.5 | 24 01.5 
25 20.2 30 04.0 | 30 20.0 28 15.2 | 30 06.6 | 30 21.4 28 13.8 


29 04.1 


SATELLITES OF SATURN, 1998 F45 
UNIVERSAL TIME OF CONJUNCTIONS AND ELONGATIONS 


TITAN 

Eastern Elongation Inferior Conjunction Western Elongation Superior Conjunction 
dn d oh deenh uae 

Jan. 0 14.3 Jan. 414.5 Jan. 8 09.5 

Jan. 12 08.9 16 13.7 20 13.9 24 09.1 
28 08.5 Feb. 1 13.5 Feb. 37 Feb. 9 08.9 

Feb. 13 08.6 17 13.6 21 13.8 25 09.1 
Mar. 1 08.9 Mar. 5 14.0 Mar. 9 14.2 Mar. 13 09.5 
17 09.5 21 14.7 25 14.7 29 10.0 

Apr. 2 10.2 Apr. 6 15.4 Apr. 10 15.3 Apr. 14 10.6 
18 11.0 22 16.2 26 15.9 30 11.3 

May 411.8 May 8 17.0 May 12 16.5 May 16 11.9 
20 12.5 24 17.6 28 17.0 June 112.3 

June >) Iie yil June On8a1 June 1317.2 IW P2>) 
21 13.4 25 18.3 DD NP? July 3 12.5 

July 76133 July 11 18.1 July 15 16.9 19 12.1 
2312.9 27 17.6 31 16.2 Aug. 411.3 

Aug. 8 12.1 Aug. 12 16.6 Aug. 16 15.1 20 10.1 
24 10.7 28 15.1 Sept. 1 13.6 Sept. 5 08.4 

Sept. 9 08.9 Sept. Ist 17 11.6 21 06.4 
25 06.7 291109 Oct. 3 09.3 Oct. 7 04.0 

Oct. 11 04.2 Oct. 15 08.4 19 06.8 23 01.4 
2701.5 31 05.7 Nov. 4 04.3 Nov. TH229) 

Nov. 1229 Nov. 16 03.2 20 01.9 23 20.5 
2205 Dec. 2 00.9 Dec. 5238 Dec. 9 18:5 

Dec. 13 18.5 17 23.0 21 22.0 25 16.8 

29 17.0 33 21.6 
HYPERION 


Eastern Elongation 


d ! ch d oh d oh 

Jan. 0 09.2 Jan. 5 03.9 

Jan. 9 13.8 Jan. 15 08.9 21 16.0 26 10.1 
30 20.4 Feb. yl Feb. 12 00.4 Feb. 16 17.6 

Feb. 21 04.5 27 03.0 Mar. 5 09.7 Mar. 10 02.3 
Mar. 14 13.8 Mar. 20 14.1 26 20.3 390 187 
Apr. 4 23.9 Apr. 11 02.1 Apr. OWS Apr. 21 21.8 
26 11.0 May 214.9 May 8 19.2 May 13 08.4 

May We23 24 03.9 30 07.0 June 3 19.2 
June 8 10.0 June 14 16.8 June 20 18.6 25 05.9 
29 21.4 July 6 05.1 July 1205.8 July 16 16.3 

July 21 08.3 27 16.6 Aug. ZN6 Aug. 7 02.1 
Aug. Lsts3 Aug. 18 02.8 24 01.7 28 11.1 
Sept. i032 Sept. 8 11.6 Sept. 14 09.9 Sept. 18 19.1 
23 Nde2 29 19.1 Oct. elie Oct. 10 02.4 

Oct. 14 18.0 Oct. 2101.5 27 00.0 31 09.1 
Nov. 5 00.3 Nov. 11 07.5 Nov. 17 06.2 Nov. 21 15.6 
26 06.8 Dec. DS Sis Dec. 8 12.6 Dec. 2 

Dec. LIM359 23 20.6 29 19.4 34 05.1 

IAPETUS 

Eastern Elongation Inferior Conjunction Western Elongation Superior Conjunction 
d oh dh dealt deen 

Jan. = 913.5 Jan. 12 07.0 Feb. 2 02.0 Feb. 21 12.4 
Mar. 13 05.0 Apr. 311.4 Apr. 24 10.7 May IS} 22? 
June DENS eT June 24 00.1 July 14 13.1 Aug. 2 14.7 
Aug. 22 02.1 Sept. GES Oct. 1 16.3 Oct. 20 07.1 
Nov. 8 08.4 Nov. 28 18.7 Dec. 18 21.8 Dec. 37 20.5 


SATELLITES OF SATURN, 1998 


APPARENT DISTANCE AND POSITION ANGLE 


F46 
[SSS 
Time from MIMAS 
Eastern 
Elongation EF Py 
0.0 1.000 90.0 
0.5 0.991 88.0 
1.0 0.964 85.9 
1.5 0.920 83.6 
2.0 0.860 81.1 
ZS 0.785 78.1 
3.0 0.698 74.4 
35 0.601 69.7 
4.0 0.498 62.9 
4.5 0.396 52 
5.0 0.308 36.0 
3:5 0.256 5 
6.0 0.269 339.2 
6.5 0.339 316.6 
7.0 0.434 302.8 
1) 0.538 294.2 
8.0 0.639 288.3 
8.5 0.733 284.1 
9.0 0.815 280.7 
915 0.885 PTS) 
10.0 0.939 PUSS) 
10.5 0.976 213.3: 
11.0 0.997 Zee! 
11.5 0.999 269.2 
12.0 0.983 267.2 
12.5 0.949 265.0 
13.0 0.899 262.7 
13.5 0.833 260.0 
14.0 0.753 256.8 
14.5 0.662 252.8 
15.0 0.562 247.4 
Sys) 0.459 239.6 
16.0 0.360 227.3 
16.5 0.282 207.1 
17.0 0.253 MTierh 
LIS 0.291 149.3 
18.0 0.373 130.5 
18.5 0.474 119.1 
19.0 0.577 WGN 
19.5 0.676 106.6 
20.0 0.766 102.7 
20.5 0.844 99.6 
21.0 0.907 97.0 
PINs) 0.955 94.6 
22.0 0.986 225 
pee 0.999 90.5 
23.0 0.995 88.5 


Time from 
Eastern 
Elongation 


ENCELADUS 


1.000 
0.991 
0.965 
0.922 
0.863 


0.790 
0.705 
0.611 
0.512 
0.415 


0.332 
0.286 
0.296 
0.358 
0.448 


0.546 
0.644 
0.736 
0.817 
0.885 


0.939 
0.976 
0.996 
0.999 
0.984 


0.952 
0.903 
0.839 
0.762 
0.673 


0.577 
0.478 
0.384 
0.311 
0.282 


0.313 
0.387 
0.482 
0.581 
0.677 


0.765 
0.842 
0.905 
0.953 
0.985 


0.999 
0.996 


Apparent distance of satellite is Fa/A 
Position angle of satellite is P, +P, 


Time from 
Eastern 
Elongation 


DIONE 
iG Py 
1.000 91.0 
0.983 88.1 
0.933 84.9 
0.852 81.3 
0.744 76.8 
0.615 70.5 
0.476 60.6 
0.345 42.8 
0.267 OF7 
0.301 331.1 
0.418 307.6 
0.557 295.1 
0.692 287.6 
0.809 282.5 
0.902 278.5 
0966) =F 275.2 
0.997 272-2 
0.994 269.3 
0.958 266.3 
0.890 262.9 
0.792 258.8 
0.672 253.4 
0.535 245.4 
0.397 23 137 
0.289 205.7 
0.273 166.) 
0.363 135.6 
0.498 119.5 
0.637 110.4 
0.763 104.4 
0.867 100.1 
0.943 96.6 
0.988 98:5 
1.000 90.5 
0.977 87.6 


SATELLITES OF SATURN, 1998 F47 
APPARENT DISTANCE AND POSITION ANGLE 


—— 
Time from Time from TITAN HYPERION Time from IAPETUS 
Eastem Eastern Eastern 
Elongation Elongation E P, F P Elongation F P, 
dah dig ah ° 
000 0.00 1.023 91.0 1.008 
0 03 010 1.014 88.6 1.016 
0 06 0 20 0.981 86.2 1.010 
009 1 06 0.926 83.5 0.993 
012 116 0.850 80.3 0.963 
015 2 02 0.757 76.5 0.923 
018 PAG: 0.649 giles) 0.873 
021 BPP 0.532 64.4 0.814 
100 3 08 0.414 oe 0.747 
103 3 18 0.314 34.0 0.675 
1 06 4 04 0.266 Bye 0.598 
109 414 0.302 Seal 0.520 
bale 5.00 0.397 310.3 0.443 
Mel 5 10 0.513 298.2 0.374 
118 5 20 0.630 290.5 0.320 
el 6 06 O37 285.2 0.294 
2 00 6 16 0.828 281.2 0.303 
2 03 702 0.900 277.9 0.344 
2 06 Vigl2 0.950 2d 0.407 
2 09 OME 0.974 272.4 0.480 
2 12 8 08 0.973 269.8 0.557 
2S 8 18 0.945 267.2 0.634 
2 18 9 04 0.892 264.2 0.707 
P))| 914 0.815 260.9 0.774 
3 00 10 00 0.718 256.7 0.834 
3 03 10 10 0.605 251.0 0.884 
3 06 10 20 0.483 242.6 0.924 
3 09 11 06 0.365 228.6 0.952 
Bale 11 16 0.276 203.4 0.967 
ZFS 12 02 0.264 167.6 0.967 
318 Pe 0.339 139.0 0.954 
321 12 22 0.454 122.9 0.925 
400 13 08 0.577 W135 0.880 
403 13 18 0.695 107.4 0.821 
406 14 04 0.800 102.9 0.747 
409 14 14 0.888 99.5 0.661 
412 15 00 0.955 96.6 0.564 
415 15 10 1.000 94.0 0.461 
15 20 1.021 91.6 0.359 
16 06 1.019 89.3 0.272 
16 16 0.230 
17 02 0.260 
1NiZiall 2 0.342 
22 0.443 
18 08 0.547 
18 18 0.647 
19 04 0.738 
19 14 0.817 
20 00 0.884 
20 10 0.938 
20 20 0.977 
21 06 1.003 
21 16 1.015 


Apparent distance of satellite is Fa/A 
Position angle of satellite is p, +p, 


F48 SATELLITES OF SATURN, 1998 
APPARENT DISTANCE AND POSITION ANGLE 


Date MIMAS ENCELADUS TETHYS DIONE 
(0h UT) a/A Ps a/A P5 a/A P, a/A P, 
Jan. —1 Pied +2.5 35.6 +2.0 44.1 +3.0 56.4 +2.0 
8) Dies) 2.6 39.3: 1.9 43.7 3.0 56.0 2.0 
7 27.3 Deh 35.1 1.9 43.4 3.0 55.6 1.9 
al 27.2 2.8 34.8 1.9 43.1 3.0 Saiz 1.9 
15 27.0 2.9 34.6 1.9 42.8 2.9 $4.9 1.9 
19 26.8 +3.0 34.4 +1.9 42.5 +2.9 54.5 +19 
23 26.6 Ban 34.1 1.9 42.3 2.9 Syste 1.9 
2 26.4 3.2 33.9 1.8 42.0 2.9 53.8 1.8 
31 26.3 3:3 B37 1.8 41.7 2.8 53.4 1.8 
Feb. 4 26.1 3.4 6605) 1.8 41.5 2.8 53.) 1.8 
8 26.0 +3.4 33.3 +1.7 41.2 +2.7 52.8 +1.8 
12 25.8 Bes) Boel ies 41.0 Hei 52.5 slay 
16 25a 3.6 33.0 Lf 40.8 pe | a2) 1.7 
20 25.6 3.6 32.8 1.6 40.6 2.6 52.0 jar 
24 25.4 sit 32.6 1.6 40.4 2.6 Saad, 1.6 
28 253 +3.7 32.5 +1.6 40.2 +2.5 51/5 +1.6 
Mar. 4 252 3.8 32.4 jhe} 40.1 23 Ses mp) 
8 Pay 3.8 BOs) 1) 39.9 2 Siok iS 
12 25.1 3.8 Bee 1.4 39.8 Pe) ila) 1.4 
16 25.0 3.8 Syuall 1.4 39.7 DB} 50.8 1.4 
20 24.9 +3.8 32.0 +1.4 39.6 +2.2 $0.7 +1.4 
24 24:9 3.8 SHS) ilps: 39.5 2.2 50.6 1.3 
28 24.8 3.8 31.9 133 39.4 2.1 50.5 1.3 
Apr. 1 24.8 3.8 31.8 2 39.4 2.0 50.4 r2 
5 24.8 Bail 31.8 iW? 39.3 2.0 50.4 | bep?s 
9 24.8 +3.7 31.8 +1.1 39.3 +1.9 50.4 +1.1 
13 24.7 3.6 B87 13 39.3 1.8 50.3 ke 
17 24.8 3.6 31.8 1.0 39.3 1.8 50.3 1.0 
21 24.8 oS 31.8 1.0 39.3 1 50.4 1.0 
25 24.8 3.4 31.8 0.9 39.4 1.6 50.4 0.9 
29 24.8 +3.3 31.8 +0.9 39.4 +1.5 50.5 +0.9 
May 3 24.9 3) 31.9 0.8 39.5 les 50.6 0.8 
ii 24.9 3.1 32.0 0.8 39.6 1.4 50.7 0.8 
25.0 3.0 32.0 0.7 39.7 ifes' 50.8 0.7 
15 25.0 2.8 3201 0.7 39.8 a3 50.9 0.7 
19 P| +2.7 32.2 +0.6 39.9 +1.2 Sel +0.6 
23 25.2 2.6 3235 0.6 40.0 bet SUS 0.6 
27 253) 2.4 B25 0% 40.2 et S15 0.5 
25.4 Pinos 32.6 0.5 40.3 Ua) S57 0.5 
June 4 2565 21 Bye 0.4 40.5 0.9 51.9 0.4 
25.6 +2.0 32.9 +0.4 40.7 +0.9 S251 +0.4 
12) 25.8 1.8 33.0 0.4 40.9 0.8 52.4 0.3 
16 25.9 lea7. Boz 0.3 41.1 0.7 S2a/ 0.3 
20 26.0 Tey 33.4 0.3 41.4 0.7 53.0 0.3 
24 26.2 1.4 33.6 0.2 41.6 0.6 Sy ie 0.2 
28 26.4 +1.2 33.8 +0.2 41.9 +0.6 53.6 +0.2 
July 2 26.5 +1.0 34.0 +0.2 42.1 +0.5 $3.9 +0.1 


SATELLITES OF SATURN, 1998 F49 
APPARENT DISTANCE AND POSITION ANGLE 

( oun MIMAS ENCELADUS TETHYS al. DIONE 
a/A Py a/A P» a/A P, a/A P, 
Huly 2 26.5 +1.0 34.0 +0.2 42.1 +0.5 53.9 +0.1 
6 26.7 0.9 34.2 0.1 42.4 0.5 54.3 0.1 
10 26.9 0.8 34.5 0.1 42.7 0.4 54.6 0.1 
14 27.0 0.6 34.7 0.1 43.0 0.4 55.0 +0.1 
18 Die 0.5 34.9 +0.1 43.3 0.3 55.4 0.0 
22 27.4 +0.4 35.2 0.0 43.6 +0.3 55.8 0.0 
26 27.6 0.2 35.4 0.0 43.9 0.3 56.2 0.0 
30 27.8 +0.1 B57) 0.0 44.2 0.2 56.6 0.0 
Aug. 3 28.0 0.0 36.0 0.0 44.5 0.2 57.0 0.0 
7 28.2 -0.1 36.2 0.0 44.8 0.2 57.4 0.0 
11 28.4 —0.2 BOD 0.0 45.2 +0.1 57.8 0.0 
15 28.6 0.2 36.7 0.0 45.5 0.1 58.2 0.0 
19 28.8 0.3 37.0 0.0 45.8 0.1 58.7 0.0 
23 29.0 0.4 Si2 0.0 46.1 0.1 59.1 0.0 
wail 29.2 0.4 ByES. 0.0 46.4 0.1 59.4 0.0 
3 29.4 —0.4 3967 0.0 46.7 +0.1 59.8 0.0 
Sept. 4 29.6 0.5 38.0 0.0 47.0 0.1 60.2 0.0 
8 29.8 0.5 38.2 0.0 47.3 0.1 60.6 0.0 
12 29.9 0.5 38.4 +0.1 47.5 0.1 60.9 0.0 
16 30.1 0.5 38.6 0.1 47.8 0.1 61.2 0.0 
20 30.2 -0.5 38.8 +0.1 48.0 +0.1 61.5 +0.1 
24 30.4 0.5 39.0 0.1 48.2 0.1 61.8 0.1 
28 30.5 0.4 39.1 0.2 48.4 0.1 62.0 0.1 
Oct, 2 30.6 0.4 Bo 0.2 48.6 0.2 62.2 0.1 
6 30.7 0.4 39.4 0.2 48.7 0.2 62.4 0.2 
10 30.7 —0.3 39.4 +0.2 48.8 +0.2 62.5 +0.2 
14 30.8 0.2 39.5 0.3 48.9 0.2 62.7 0.2 
18 30.8 0.2 39.6 0.3 49.0 0.2 62.7 0.3 
22 30.9 -0.1 39.6 0.3 49.0 0.3 62.8 0.3 
26 30.9 0.0 39.6 0.4 49.0 0.3 62.8 0.3 
30 30.8 +0.1 39.6 +0.4 49.0 +0.3 62.7 +0.4 
Nov. 3 30.8 0.2 39.5 0.5 48.9 0.3 62.6 0.4 
7 30.7 0.3 39.4 0.5 48.8 0.4 62.5 0.4 
11 30.7 0.4 39.3 0.5 48.7 0.4 62.4 0.5 
15 30.6 0.5 39 0.5 48.6 0.4 62.2 0.5 
19 30.5 +0.6 Boul +0.6 48.4 +0.4 62.0 +0.5 
23 30.3 0.7 38.9 0.6 48.2 0.4 61.7 0.6 
Zi 30.2 0.8 38.8 0.6 48.0 0.5 61.5 0.6 
Dec, 41 30.1 0.9 38.6 0.7 47.7 0.5 61.1 0.6 
5 29.9 1.0 38.4 0.7 47.5 0.5 60.8 0.6 
9 29.7 +1.1 38.1 +0.7 47.2 +0.5 60.5 +0.6 
13 29.6 1.2 37.9 0.7 46.9 0.5 60.1 0.7 
17 29.4 1.4 oid 0.7 46.6 0.5 Sid 0.7 
21 DOP 1.5 37.4 0.7 46.3 0.5 593 0.7 
25 29.0 1.6 372 0.7 46.0 0.5 58.9 0.7 
29 28.8 +1.7 36.9 +0.7 45.7 +0.5 58.5 +0.7 
33 28.6 +1.8 36.7 +0.7 45.4 +0.4 58.1 +0.7 


Apr. 


May 


June 


July 


SATELLITES OF SATURN, 1998 


APPARENT DISTANCE AND POSITION ANGLE 


+1.7 


+1.4 


+1.2 


+0.9 


+0.6 


+0.4 


+0.2 
+0.1 


+1.5 


+1.4 


+1.2 


+1.0 


+0.8 


+0.5 


+0.3 


+0.1 


=Oul 


Berd 


HYPERION IAPETUS 
a/& P, a/A Pp, 
221 +2.0 532 +1.6 
220 2.0 528 LS 
218 2.0 525 LS 

°217 1.9 74) iS) 
ANN) 1.9 517 NES) 
214 +1.9 514 +1.4 
MD 1.9 510 1.4 
211 1.9 507 1.4 
210 1.8 504 13 
208 1.8 501 13 
207 +1.8 498 +1.2 
206 (7, 495 ile 
205 1.7 493 LI 
204 17 490 1 
203 1.6 488 1.0 
202 +1.6 486 +0.9 
202 1.5 484 0.9 
201 145 482 0.8 
200 1S 481 0.8 
200 1.4 479 0.7 
199 +1.4 478 +0.6 
199 1S 477 0.6 
198 ie 476 0.5 
198 see 476 0.4 
198 NZ 475 0.4 
198 +1.1 475 +0.3 
198 iT 475 0.2 
198 1.0 475 0.2 
198 1.0 475 0.1 
198 0.9 475 +0.1 
199 +0.9 476 0.0 
199 0.8 477 0.0 
199 0.8 478 -0.1 
200 0.7 479 0.2 
200 0.7 480 0.2 
201 +0.6 482 —0.3 
202 0.6 483 0.3 
203 0.5 485 0.3 
203 0.5 487 0.4 
204 0.4 489 0.4 
205 +0.4 492 —0.5 
206 0.3 494 (OS 
207 OFS 497 0.5 
209 0.3 500 0.6 
210 0.2 502 0.6 
211 +0.2 505 —0.6 
213 +0.2 509 -0.7 


SATELLITES OF SATURN, 1998 eis. 
APPARENT DISTANCE AND POSITION ANGLE 


TITAN ize IAPETUS 
P, a/A Py a/A P, 

hy D 175 =02 213 +0.2 509 Ol 
6 176 0.2 214 0.1 SV 0.7 

10 177 0.2 215 0.1 BIE) 0.7 

14 178 0.3 217 0.1 SIE 0.7 

18 179 0.3 218 +0.1 522 0.7 

22 181 =O -d 220 0.0 526 —0.8 

26 182 0.3 221 0.0 530 0.8 

30 183 0.3 223 0.0 534 0.8 

Aug. «3 184 0.4 225 0.0 538 0.8 
7! 186 0.4 226 0.0 541 0.8 

11 187 —0.4 228 0.0 545 -0.8 

15 188 0.4 230 0.0 549 0.8 

19 190 0.4 231 0.0 553 0.8 

23 82.5 0.1 191 0.4 233 0.0 557 0.8 

27 83.0 0.1 192 0.4 234 0.0 561 0.8 

31 83.6 (al 194 -0.4 236 0.0 564 -0.8 

Sept. 4 84.1 0.0 195 0.3 237 0.0 568 0.8 
8 84.6 0.0 196 0.3 239 0.0 Sil 0.8 

12 85.0 0.0 197 0.3 240 0.0 574 0.7 

16 85.5 0.0 198 0.3 241 +0.1 577 0.7 

20 85.9 0.0 199 S08 242 +0.1 580 =Or7/, 

24 86.3 +0.1 200 0.2 243 0.1 583 0.7 

28 86.6 0.1 201 0.2 244 0.1 585 0.7 

Octre 2 86.9 0.1 201 0.2 245 0.2 587 0.6 
6 87.1 0.1 202 0.2 246 0.2 588 0.6 

10 87.3 +0.2 202 == (5h 246 +0.2 590 -0.6 

14 87.5 0.2 203 0.1 247 0.3 591 0.6 

18 87.6 0.3 203 =—OF) 247 0.3 592 0.5 

2 87.6 0.3 203 0.0 247 0.3 592 0.5 

26 87.6 0.3 203 0.0 247 0.4 592 0.5 

30 87.6 +0.4 203 0.0 247 +0.4 591 -0.4 

Nov. 3 87.5 0.4 203 +0.1 247 0.4 591 0.4 
a 87.3 0.4 202 0.1 246 0.5 590 0.4 

11 87.1 0.5 202 0.1 246 0.5 588 0.4 

iN} 86.8 0.5 201 0.2 245 0.5 586 0.3 

19 86.5 ans) 201 +0.2 244 +0.5 584 —0.3 

23 86.2 0.5 200 0.2 243 0.6 582 0.3 

27 85.8 0.6 199 0.2 242 0.6 5/9 0.3 
Decal 85.4 0.6 198 0.3 24] 0.6 577 0.2 
5 84.9 0.6 17 0.3 239 0.6 574 0.2 

9 84.5 +0.6 196 +0.3 238 +0.7 570 =O 

13 83.9 0.6 195 0.3 236 0.7 567 0.2 

17 83.4 0.7 193 0.3 235 0.7 563 0.2 

21 82.9 0.7 192 0.3 233 0.7 560 0.2 

2S 82.3 0.7 19] 0.3 232 0.7 556 0.2 

29 81.7 +0.7 189 +0.3 230 +0.7 552 0) 7 

33 81.2 anid 188 +0.3 228 +0.7 548 —0.2 


Bey 


SATELLITES OF SATURN, 1998 
ORBITAL POSITIONS FOR 0° UNIVERSAL TIME 


MIMAS 
Date 
ik M 6 
Jan. -] 100.457 SPAS) 169.3 
188.408 SES 165.3 
276.360 135.4 161.3 
1] 4.311 219.4 Sve} 
15 92.262 303.3 15323) 
19 180.214 DEB 149.3 
23 268.165 AD 145.3 
Di 356.116 195.2 141.3 
31 84.067 279.1 137.3 
Feb. 4 172.018 Sil 1Ses 
8 259.970 87.0 129.3 
12 347.921 171.0 12533 
16 75.872 254.9 AES) 
20 163.823 338.9 jes) 
24 251.774 62.8 113.3 
28 339.725 146.8 109.3 
Mar. 4 67.675 230.7 105.3 
8 155.626 314.7 101.3 
12 243.577 38.6 97.3 
16 331.528 122.6 93.3 
20 59.479 206.5 89.3 
24 147.429 290.4 85.3 
28 235.380 14.4 81.3 
Apr. ] B23 .30) 98.3 Wales 
5) 51.281 182.3 73.3 
9 139.232 266.2 69.3 
i123 227.183 350.2 65.3 
17 315133 74.1 61.3 
Diy 43.083 158.1 Sls 
25 131.034 242.0 53:3 
29 218.984 326.0 49.3 
May 3 306.935 49.9 45.3 
i 34.885 133.9 41.3 
1] 122.835 217.8 373 
i{5) 210.786 301.8 BSts 
19 298.736 25:7 29.3 
23 26.686 109.7 25.3 
27 114.636 193.6 ole} 
31 202.586 2175 LES 
June 4 290.536 1 23 
8 18.486 85.4 9.3 
i2 106.437 169.4 53 
16 194.386 2533 hes) 
20 282.336 337.3 B58 
24 10.286 Oli Deemes oon) 
28 98.236 145.2 349.3 
July 2 186.186 229.1 345.3 
44 motion 1527.951 1523.9 —4.0 


ENCELADUS TETHYS DIONE 
LE M JE; 0 L M 

331.450 50.1 180.699 44.0 | 307.778 160.0 
302.374 19.7 | 223.492, 43:2 PISO lie) 329-8 
2139299 349.3 | 266.284 42.4 | 280.057 131.6 
244.224 318.8 | 309.077 41.6 86.196 297.4 
215.148 288.4 | 351.869 40.8 | 252.336 103.2 
186.073 258.0 34.662 40.0 58.476 269.0 
156.998 227.6 77454 39.2 | 224.615 74.8 
127.922 197.1 120.247 38.4 30.755 240.6 
98.847 166.7 163.039 37.6 196.894 46.4 
69.771 136.341) 205.832. 936:8 3.034 212.2 
40.696 105.9 | 248.624 36.1 169.173 18.0 
11.621 ISAM ZOLA WI CY 35:3 e553 525l Sem 83.5 
342.545 45.0 | 334.209 34:5 141.453 349.6 
313.470 14.6 17.002) 33:7 NEBOTS92Z9 155-4 
284.394 344.1 59794329 1135732 324-2 
BISONS. 313.7 LOZ SS 32.1 279.871 127.0 
226.244 283.3 145.3999 33 86.011 292.8 
197.168 252.9 [SSW 30'S Hie2s27150 98.6 
168.093 222.4 | 230.965 29.7 58.290 264.4 
139.017 192.0 | 273.757 28.9 | 224.429 70.2 
109.942 161.6 | 316.550 28.1 30.569 236.1 
80.866 131-2 12-359'342, 273 196.709 41.9 
51.791 100.7 42.135 26.6 2.848 207.7 
22.716 70.3 84.927 25.8 168.988 13.5 
353.640 B99 12720" 25:04 \) S37 oS 
324.565 95, 1703512, 24.2 141.267 = 345.1 
295.490 339.0 | 213.305 23.4 | 307.406 150.9 
266.414 308.6 | 256.097 22.6 113546 316.7 
PUPS) ZIG. 2 298.890" 2182791685 122.5 
208.264 247.7 | 341.682 21.0 85.825 288.3 
179.188 Alies 24.475 20.2 | 251.965 94.1 
150.113 186.9 67.267 19.4 58.104 259.9 
121.038 156.5 110.060 18.6 | 224.244 65.7 
91.963 126.0 152.853 17.8 30/3834 231-5 
62.887 95.6 195.645 17.0 196.523 37.3 
33.812 65.2 | 238.438 16.3 2.662 203.1 
4.737 34.8 | 281.230 15.5 168.802 8.9 
335.662 4.3 | 324.023 14.7 | 334.941 174.7 
306.587 333.9 6.815 13:9 141.081 340.5 
277.512 303.5 49.608 13.1 307.220 = 146.3 
248.437 DIS 92.400 12.3 L1SI360" ~~ 312.1 
219.362 242.6 135.1193 ERS oles2791500\, 179 
190.287 Ne 2 177.986 10.7 85.639 283.7 
161.212 181.8 | 220.778 SPN IH IS 89.5 
132.137 151.4 | 263.571 on S19 TR 255.3 
103.062 120.9 | 306.363 8.3. | 224.058 61.1 
73.987 90.5 | 349.156 TS 30.197 226.9 
1050.925 1049.6 | 762.793 -0.8 | 526.140 525.8 


SATELLITES OF SATURN, 1998 F53 
ORBITAL POSITIONS FOR 0" UNIVERSAL TIME 


MIMAS ENCELADUS 
Date 


186.186 229.1 345.3 73.987 90.5 


July 349.156 7.5 | 30.197 226.9 
274.136 313.1 3413 44.912 60.1 | 31.948 6.8 | 196.337 32.7 

10 2.086 87.0 8378 15.838 29.6 | 74.741 6.0 2.476 198.5 

14 90.035 121.0 333.3 | 346.763 359.2 | 117.534 5.2 | 168.616 43 

18 | 177.985 204.9 329.3] 317.688 328.8 | 160.326 4.4 | 334.755 170.1 

22 | 265.935 288.8 325.3] 288.614 298.4 | 203.119 3.6 | 140.895 336.0 

26 | 353.884 12.8 321.3 | 259.539 267.9 | 245.911 2.8 | 307.034 141.8 

30 81.834 96.7 317.3 | 230.465 237.5 | 288.704 2.0 | 113.174 307.6 

Aug. 31] 169.784 180.7 313.3 | 201.390 207.1 | 331.497 1.2 | 279.313 113.4 
7 | 257.733 264.6 309.3] 172.316 176.71 14.289 0.4 | 85.453 279.2 

11 | 345.683 348.6 305.3] 143.241 146.2] 57.082 359.6 | 251.592 85.0 

15 73.632 72.5 301.3 | 114.167 115.8 | 99.874 358.8 | 57.732 250.8 

19 |MGIG582) BEIS6S 2978 85.093 85.4 | 142.667 358.0 | 223.871 56.6 

23 | 249.531 240.4 293.3 56.018 55.0 | 185.459 357.3 | 30.011 222.4 

27 | 337.480 324.4 2893 26.944 24.5 | 228.252 356.5 | 196.150 28.2 

31 65.430 YRi3 2285-3, 106 357.8706 6 354.4).12271045841355.7 2.290 194.0 
Sept. 4] 153.379 132.3 281.3 | 328.796 323.7 | 313.837 354.9 | 168.429 359.8 
8 | 241.328 216.2 277.3 | 299.722 293.3 | 356.630 354.1 | 334.569 165.6 

12 | 329.277 300.1 273.3 | 270.648 262.8 | 39.422 353.3 | 140.708 331.4 

16 5227 24.1 269.3] 241.574 232.4] 82.215 352.5 | 306.848 137.2 

20 | 145.176 108.0 265.3 | 212.500 202.0 | 125.008 351.7 | 112.987 303.0 

24 | 233.125 192.0 261.3 | 183.426 171.6 | 167.800 350.9 | 279.126 108.8 

28 | 321.074 275.9 257.3] 154.352 141.1 | 210.593 350.1 | 85.266 274.6 
Oct. b) 49.023 359.9 253.3 | 125.279 110.7 | 253.385 349.3 | 251.405 80.4 
6 | 136.972 83.8 249.3 96.205 80.3 | 296.178 348.5 | 57.545 246.2 

10 | 224.921 167.8 245.3 67.131 49.9 | 338.971 347.8 | 223.684 52.0 

14. (£63%2°870" (8251.7 - 2408 38.058 19.4 | 21.763 347.0 | 29.824 217.8 

18 40.819 335.7 237.3 8.984 349.0] 64.556 346.2 | 195:963 23.6 

D2 I28.768 59.6 233.3 | 339.911 318.6 | 107.348 345.4 2.103 189.4 

26 | 216.717 143.5 229.3 | 310.837 288.2 | 150.141 344.6 | 168.242 355.2 

30 | 304.665 227.5 225.3] 281.764 257.7 | 192.934 343.8 | 334.381 161.0 
Nov. 3 32.614 311.4 221.3 | 252.691 227.3 | 235.726 343.0 | 140.521 326.8 
71 120.563 35.4 217.3 | 223.618 196.9 | 278.519 342.2 | 306.660 132.6 

11 | 208.512 119.3 213.3] 194.545 166.5 | 321.312 341.4 | 112.800 298.4 

15 | 296.460 203.3 209.3] 165.472 136.0 4.104 340.6 | 278.939 104.2 

19 24.409 287.2 205.3 | 136.399 105.6] 46.897 339.8 | 85.078 270.0 

23 WO.BE2,357 11.2 201.3 | 107.326 75.2 | 89.689 339.0 | 251.218 75.9 

27 | 200.306 95.1 197.3 78.253 44.8 | 132.482 338.3 | 57.357 241.7 
Ties) 1 288.255 80179.1 119393 49.180 1458. 1A 75,275. £1337.51h223.497 1747.5 


16.203 263.0 189.3 20.107 343.9 | 218.067 336.7 291686 1) 213.3 
260.860 335.9 | 195.775 19.1 
SOBIOSB meso 551 1.915 184.9 
346.445 334.3 | 168.054 350.7 
29.238 333.5 | 334.194 156.5 
F2.03ee 332.7 90140333 45 322.3 


104.152 346.9 185.3 3510350 3135 
192.100 7.0.9 TSie3 S29620 1 283.5 
280.048 154.8 177.3 292.889 252.6 
7.997 288.8 VIS 263. S1e a 2222 
95.945 6227) 6 234.745 191.8 


114.823 331.9 | 306.472 128.1 
VST OlGwees 3 11s all 21612 ge 2939 


183.893 46.7 165.3 205.672 161.4 
271.842 130.6 161.3 176.600 131.0 


44 motion | 1527.949 1523.9 -4.0 | 1050.926 1049.6 | 762.793 —-0.8 | 526.139 525.8 


F54 


SATELLITES OF SATURN, 1998 
ORBITAL POSITIONS FOR 0* UNIVERSAL TIME 


RHEA TITAN 
mie L M 8 y ii M 9 y 

Jan, wate | ©359:369 © 142.6 2349.8 © 0.328 d- 20.969 9186.75 0 $238.09) < 0.362 
3 318.129 101.3 349.7 0.328 120.276 277.05 238 09 0.362 

7 276.889 60.0 349.6 0.328 210.584 7.35 238.09 0.362 

11 235.649 18.8 349.4 0.328 300.891 97.66 238.08 0.362 

15 194.409 3375 349 3 0.328 31.199 187.96 238.08 0.362 

19 153.169 296.2 349.2 0.328 121.506 278.26 238.08 0.362 

23 111.928 255.0 349.1 0.328 211.814 8.56 238.07 0.362 

27 70.688 DIB 349.0 0.328 302.121 98.87 238.07 0.362 

31 29.448 172.4 348.9 0.328 32.429 189.17 238.07 0.362 

Feb. 4 348.208 132 348.7 0.328 122.736 279.47 238.06 0.363 
g | 306.968 899 3486 0328 | 213.044 9.77 238.06 0.363 

12 265.728 48.6 348.5 0.328 303.351 100.08 238.06 0.363 

16 224.488 7.4 348.4 0.329 33.659 190.38 238.06 0.363 

20 183.247 326.1 348.3 0.329 123.966 280.68 238.05 0.363 

24 142.007 284.8 348.2 0.329 214.274 10.98 238.05 0.363 

28 100.767 243.6 348.0 0.329 304.582 101.29 238.05 0.363 

Mar. 4 59.527 202.3 347.9 0.329 34.889 191.59 238.05 0.363 
8 18.287 161.0 347.8 0.329 125.197 281.89 238.04 0.363 

12 337.047 119.8 347-7 0.329 215.504 12.19 238.04 0.363 

16 295.806 78.5 347.6 0.329 305.812 102.50 238.04 0.363 

20 254.566 37, 2 347.5 0.329 36.119 192.80 238.04 0.363 

24 213.326 356.0 347.3 0.329 126.427 283.10 238.03 0.363 

28 172.086 314.7 847.2 0.329 216.734 13.40 238.03 0.363 

Apr. 1 130.846 273.4 347.1 0.329 307.042 103.71 238.03 0.363 
5 89.606 230) 347.0 0.329 37.349 194.01 238.03 0.364 

9 48.366 190.9 346.9 0.329 127.657 284.31 238.02 0.364 

13 RAZS 149.6 346.8 0.329 217.964 14.61 238.02 0.364 

17, 325.885 108.4 346.6 0.329 308.272 104.92 238.02 0.364 

21 284.645 67.1 346.5 0.329 38.579 195.22 238.02 0.364 

25 | 243405 258 3464 0.330 | 128887 28552 23802 0.364 

29 202.165 344.6 346.3 0.330 219.194 Lee 238.01 0.364 

May 3 160.925 303.3 346.2 0.330 309.502 106.13 238.01 0.264 
7 119.685 262.0 346.1 0.330 39.809 196.43 238.01 0.364 

11 78.444 220.8 345.9 0.330 130.117 286.73 238.01 0.364 

15 37.204 179.5 345.8 0.330 220.425 17.03 238.01 0.364 

19 355.964 138.2 345.7 0.330 310.732 107.34 238.00 0.364 

23 314.724 97.0 345.6 0.330 41.040 197.64 238.00 0.364 

Px 273.484 55.7. 345.5 0.330 131.347 287.94 238.00 0.364 

31 | 232.244 144 3454 0.330 | 221.655 1824 238.00 0,365 

June 4 | 191.003 3332 ©3452 ~=—0.330:'| 311962 +~=—«108.55.Ss«(38.00~St« 365 
g | 149.763 2919 345.1 0.330 | 42.270 19885 238.00 0.365 

12 | 108523 2506 3450 0330 | 132577 289.15 23799 0.365 

16 | 67283 2094 3449 ~©— 0,330: | 222.885 1945 237.99 0,365 

20 | 26043 1681 3448 0330 | 313192 109.76 23799 0.365 

24 | 344803 1268 3447 0330 | 43500 200.06 23799 0.365 

2g | 303563 85.6 344.6 ~—-0.330:«|—«133.807 «290.36 ~—S—«237.99 0.365 

Tay 2 | 262322 443 3444 0330 | 224115 2066 23799 0,365 

At notion 318.760 318.7 90.308 90.30 


SATELLITES OF SATURN, 1998 55 
ORBITAL POSITIONS FOR 0* UNIVERSAL TIME 


TITAN 

L M 0 VY 
July 2 262.322 : 224.115 20.66 237.09 0.365 
6 221.082 ‘ 314.422 110.97 237.98 0.365 
10 179.842 : 44.730 201.27 237.98 0.365 
14 138.602 : 135.037 ADS 237.98 0.365 
18 97.362 § 225.345 21.87 237.98 0.365 
22 56.122 : 315.652 112.18 237.98 0.365 
26 14.881 : 45.960 202.48 237.98 0.366 
30 333.641 f 136.268 292.78 237.98 0.366 
Aug. 3 292.401 : 226.575 23.08 237.98 0.366 
i 251.161 . 316.883 i338) 287-97) 0.366 
11 209.921 : 47.190 203.69 PEM 0.366 
15 168.681 ; 137.498 293.99 ZEEE 0.366 
19 127.44] ‘ 227.805 24.29 237-9 0.366 
23 86.200 : 318.113 114.60 237.97 0.366 
27 44.960 ‘ 48.420 204.90 PES Y 0.366 
31 3.720 : 138.728 295.20 231.97, 0.366 
Sept. 4 322.480 é 229.035 ZrO Zoe 0.366 
8 281.240 : 319.343 115.81] MEY 0.366 
12 240.000 : 49.650 206.11 237.97 0.366 
16 198.760 : 139.958 296.41 PONT, 0.367 
20 LS Heo f 230.265 26.72 SSH 0.367 
24 GS 27/ 9) 3 520515 117.02 237.971. 0.367 
28 75.039 3 50.881 207.32 237.96 0.367 
Oct. 2 33.799 : 141.188 297.62 237.96 0.367 
6 352599 ‘ 231.496 2193 237.96 0.367 
10 311.319 : 321.803 118.23 237.96 0.367 
14 270.078 ; i sya 208.53 237.96 0.367 
18 228.838 & 142.418 298.83 237.96 0.367 
22 187.598 ; 232.726 29.14 237.96 0.367 
26 146.358 : 323.033 119.44 237.96 0.367 
30 105.118 5 53.341 209.74 237.96 0.367 
Nov. 3 63.878 4 143.648 300.04 237.96 0.367 
7 22.638 : 233.956 30.35 237.96 0.368 
1] 341.397 : 324,263 120.65 237.96 0.368 
15 300.157 ; 54.571 210.95 237.96 0.368 
19 258.917 : 144.879 301.26 237.96 0.368 
23 217.677 235.186 31.56 237.96 0.368 
27 176.437 ; 325.494 121.86 237.96 0.368 
Dec. 1 [35197 : 55.801 212.16 237.96 0.368 
5 93.956 3 146.109 302.47 237.96 0.368 
S) 52.716 ; 236.416 Sd 237.96 0.368 
13 11.476 : 326.724 123.07 237.96 0.368 
19 330.236 : 57.031 INSET 237.96 0.368 
21 288.996 5 147.339 303.68 237.96 0.368 
25 247.756 ; 237.646 33.98 237.96 0.368 
29 206.516 : 327.954 124.28 237.96 0.369 
165.275 : 58.261 214.58 FUT 0.369 


4% motion 318.760 : Secut rai 90.308 S030 5 Ade ee 
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ORBITAL POSITIONS FOR 0° UNIVERSAL TIME 


SATELLITES OF SATURN, 1998 


Jan. 


Feb. 


Apr. 


May 


June 


July 


142.744 
210.636 
278.517 
346.387 

54.244 


122.089 
189.921 
257.741 
325.548 

33.341 


101.122 
168.888 
236.642 
304.381 

12.107 


79.818 
147.516 
215.200 
282.870 
350.526 


58.168 
125.796 
193.411] 
261.011 
328.598 


36.172 
103.733 
171.280 
238.815 
306.336 


13.846 
81.343 
148.829 
216.303 
283.765 


BML Pa bl 

58.658 
126.089 
193.510 
260.922 


328.325 

355719 
103.105 
170.483 
237.854 


305.219 
127M, 


HYPERION IAPETUS 
M 6 ay, e dL, M 
242.82 248.78 0.986 0.11170 6.074 123.88 
310.90 248.76 0.986 0.11190 24.226 142.03 
18.98 248.75 0.986 0.11209 LO Rew 160.18 
87.04 248.74 0.986 0.11230 60.529 178.33 
155.09 248.72 0.986 0.11250 78.680 196.48 
Dane 248.71 0.986 0.11271 96.832 214.63 
291.14 248.70 0.986 0.11292 114.983 232.78 
Spits) 248.68 0.987 0.11314 133.135 250.93 
67.15 248.67 0.987 0.11335 151.286 269.08 
135e5 248.65 0.987 0.11357 169.438 287.23 
203.09 248.64 0.987 0.11379 187.589 305.38 
271.05 248.63 0.987 0.11402 205.741 32553 
338.98 248.61 0.987 0.11424 223.892 341.68 
46.91 248.60 0.987 0.11446 242.044 359.83 
114.81 248.58 0.987 0.11469 260.195 17.98 
182.71 248.57 0.987 0.11492 278.347 36.13 
250.59 248.56 0.987 0.11514 296.498 $4.28 
318.45 248.54 0.987 0.11537 314.650 72.43 
26.30 248.53 0.987 0.11560 332.801 90.59 
94.14 248.52 0.987 0.11583 350.953 108.74 
161.96 248.50 0.987 0.11605 9.104 126.89 
229.7 248.49 0.988 0.11628 27.256 145.04 
29TSS 248.47 0.988 0.11650 45.407 163.19 
5.33 248.46 0.988 0.11673 63.559 181.34 
73.09 248.45 0.988 0.11695 81.710 199.49 
140.84 248.43 0.988 0.11717 99.862 217.64 
208.57 248.42 0.988 0.11739 118.013 235.79 
276.29 248.41 0.988 0.11761 136.165 253.94 
344.00 248.39 0.988 0.11782 154.316 272.09 
51.69 248.38 0.988 0.11803 172.468 290.24 
119.37 248.36 0.988 0.11824 190.619 308.39 
187.03 248.35 0.988 0.11845 208.771 326.54 
254.69 248.34 0.988 0.11865 226.922 344.69 
822.59 248.32 0.988 0.11885 245.074 2.84 
29.96 248.31 0.988 0.11904 263.225 20.99 
97.58 248.30 0.989 0.11923 281.377 39.14 
165.18 248.28 0.989 0.11942 299.528 $7.29 
PE Plal ks 248.27 0.989 0.11960 317.680 75.44 
300.36 248.25 0.989 0.11978 335.831 93.60 
7.94 248.24 0.989 0.11996 353.983 11175 
75.50 248.23 0.989 0.12013 12.134 129.90 
143.06 248.21 0.989 0.12029 30.286 148.05 
210.61 248.20 0.989 0.12045 48.437 166.20 
278.15 248.19 0.989 0.12060 66.589 184.35 
345.68 248.17 0.989 0.12075 84.740 202.50 
53.20 248.16 0.989 0.12090 102.892 220.65 
120.72 248.14 0.989 0.12103 121.043 238.80 


SATELLITES OF SATURN, 1998 ES7 
ORBITAL POSITIONS FOR 0' UNIVERSAL TIME 


HYPERION 
M 0 AY e 


IAPETUS 


July 2 12.577 120.72 248.14 0.989 0.12103 
6 719:929 188.23 248.13 0.989 = 0.12117 
10 147.276 255.74 248.12 0.990 0.12129 
14 214.618 323.24 248.10 0.990 0.12141 
18 281.956 30.73, 248.09 0.990 0.12153 


121.043 238.80 15.412 
13995 S9256195 15.412 
157.346 275.10 15.412 
175.498 293.25 15.413 
193.649 311.40 15.413 


22 | 349.290 98.23 248.07 0.990 0.12163 

26 56.621 165.72 248.06 0.990 0.12174 

30 123.949 233.20 248.05 0.990 0.12183 

Aug. 3 191.276 300.68 248.03 0.990 0.12192 
7 258.600 8.16 24802 0.990 0.12200 


211.801 529595 15.413 
229.952 347.70 15.413 
248.104 SESS 15.413 
266.255 24.00 15.413 
284.406 42.15 15.413 


11 325.924 75.64 248.01 0.990 0.12208 
Ni) 33.247 ISI PETER OSETO OS WANS) 
19 100.570 210.60 247.98 0.990 0.12221 
23 167.894 278.08 247.96 0.990 0.12227 
27 235 218— 345.56) + 247-95) =50!990' 67012232 


302.558 60.30 15.414 
320.709 78.45 15.414 
338.861 96.61 15.414 
357.012 114.76 15.414 

15.164 132.91 15.414 


31 302.545 53.05. 247.94 0.990 0.12237 

Sept. 4 9.874 120535 247.92 ser O OO ee0s224)1 
8 77.205 188.02 247.91 0.991 0.12244 

12 144.540 255.51 247.90 0.991 0.12246 

16 211.879 323.00 247.88 0.991 0.12248 


33,315 151.06 15.414 
51.467 169.21 15.415 
69.618 187.36 15.415 
SILT TON e205:51 15.415 
105.921 223.66 15.415 


208 | 279:221 30.50 247.87 0.991 0.12250 

24 346.569 98.01 247.85 0.991 0.12250 

28 s1022 165.52 247.84 0.991 0.12251 

Oct. 2 121.281 233.03 247.83 0.991 0.12250 
6 188.647 30055 247.81 0.991 0.12249 


124.073 241.81 15.415 
142.224 259.96 15.415 
160.376 278.11 15.415 
178.527 296.26 15.416 
196.679 314.41 15.416 


10 | 256.019 8.08 247.80 0.991 0.12247 
14 BYE) She) 75.62) ~ 24779" “01991 0.12245 
18 30.786 143.17 247.77 0.991 0.12243 
22 98.182 210.72 247.76 0.991 0.12239 
26 165.586 278.28 247.74 0.991 0.12236 


214.830 332.56 15.416 
232, 982 SD OTE 15.416 
ZEISS 8.86 15.416 
269.285 27.01 15.416 
287.436 45.16 15.417 


30 232.999 345.85 247.73 0,991 0.12231 

Nov. 3 300.422 53.44 247.72 0.992 0.12227 
% 7.854 121035 2475708 e099 25 ee O2221 

11 V9 7 183163) 0247.69) S10!992" se 02216 

15 142.751 256.24 247.68 0.992 0.12210 


305.588 63.31 15.417 
323.739 81.46 15.417 
341.891 99.62 15.417 
0.042 L777 15.417 
18.194 135.92 15.417 


36.345 154.07 15.417 
54.497 172.22 15.418 
72.648 190.37 15.418 
90.800 208.52 15.418 
108.951 226.67 15.418 


19 DIODIS) 323887) 1247166) BEO9925 5 FON2208 
I) 277.691 31.51 247.65 0.992 0.12196 
27 345.178 OOS 241205) pn 0.992 ee ONZ189 
Dec. 1 52.677 166.82 247.62 0.992 0.12181 
5 120.189 23449 247.61 O92 ROMZ ITE 


127.103 244.82 15.418 
145.254 262.97 15.418 
163.406 281.12 15.419 
1 Sst) eee 9.247 15.419 
199.709 317.42 15.419 


9 1S 77S ee O20 St 247-508 901992 SOM 2165 
1 255.249 9.88 247.58 0.992 0.12156 
i7/ 322.798 TUS © 24757 H401992 9) 012147 
21 30.361 45325 247-50) n0:992 Se OW2138 
25 97.937 213.06 247.54 0.992 0.12128 


ZN860P 335.011 15.419 
236,0125 9353.72 15.419 


, 165.526 280.81 247.52 0.993 0.12119 
33 23328 348358 © 247.51 990:993 9) 0.12109 


SATELLITES OF SATURN, 1998 
DIFFERENTIAL COORDINATES OF HYPERION FOR 0? U.T. 
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3 sae SENS SGN siiae ety sel Nae ha Tok EON ws EOS SO 
=| ie Metoet i) eee ke tees me cy (it tetra Se tpt- toch ae Veil! | ce G4 meters See fo (ete al te Wiet= foes pete fey Sie See t-te ep Se ee 
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29 


31 


Differential coordinates are given in the sense “satellite minus planet.” 


ee (ees Se te sei ee lee a se See She | es Am ae tei tLe ok Qn ape gl iw| Ia ae oie oa ees I} Me 
= NNO 7AMNEA- NNE-AAWN TooMonNnt wWwoon~to CON wt OOO NANTOC;CON tTownwo-m N~-ND= MY ~A-— ONC 
| at geet ead Sometime ONY ANANNANM St mAANANAN N rem SSS INN ANAM oe Hh ec = BNAINANN 
S 
A 
e oO 5 es 
[o) Qa, 
= om = < 


Feb. 


Apr. 


May 


SATELLITES OF SATURN, 1998 
DIFFERENTIAL COORDINATES OF IAPETUS FOR 0? U.T. 


2.6 May 1 DS 

2.6 3 2.6 

2.6 5 2.6 

2S qi 2.5 

2.4 9 2.4 

Wp 11 DD, 
11 + 2 + 1.9 13 -19 14 - 9 
13 - 4 ee 15 1.6 16 15 
15 9 1S 17 13 18 20 
17 13 1.0 19 0.9 20 25 
19 18 0.6 21 0.5 22 29 
a) 22 + 0.2 23 - 0.1 24 33 
23 — 25 — 0.1 25 + 0.4 26 — 35 
25 28 0.5 27 0.8 28 87 
27 31 0.9 29 ee) 30 38 
29 32 12 31 1.6 Oct 2 38 
31 33 1.6 June 2) 1.9 4 Ba 
2 33 1.8 4 UD 6 34 
4 — 32 — 2.1 6 + 2.5 8 — 31 
6 30 AD) 8 Del 10 27 
8 28 2.4 10 2.8 12 22 
10 25 2.4 12 2.9 14 17 
12 PAI 2.4 14 2.9 16 11 
14 17 2.4 16 2.9 18 - 5 
16 -—12 — 2.3 18 + 2.7 20 + 2 
18 Wl Dal 20 2.6 yp 8 
20 - 2 1.9 22 + 3 MB 24 14 
22 + 3 1.6 24 - 2 2.0 26 20 
24 8 13 26 7 1s): 28 25 
26 a3 0.9 28 12 8) 30 29 
28 +17 - 0.5 30 -17 + 0.9 Nov. 1 + 33 
2 21 - 0.1 July 2, Di + 0.5 3 36 
4 24 + 0.3 4 725) 0.0 5 38 
6 27 0.6 6 28 - 0.5 7 39 
8 29 1.0 8 Sil 0.9 9 39 
10 Si] 1.4 10 32 18) 11 38 
12 +31 + 1.7 1 — 33 - 1.7 13 + 36 
14 31 2.0 14 34 Pres 15 33 
16 30 De 16 33 2.4 17 29 
18 29 2.4 18 32 2.7 19 25 
20 21 2.5 20 29 2.8 2) 20 
22 24 2.6 22 26 2.9 23 14 
24 +21 + 2.6 24 — 22 — 3.0 25 + 9 
26 17 2.6 26 18 2.9 27 + 3 
28 13 Ihe 28 13 2.8 29 - 3 
30 8 2.3 30 8 2.6 Dec. 1 9 
1 + 4 ay Aug. i - 2 De 3 14 
3) - | 1.9 3 + 3 2.0 5 20 
5 - § + 1.6 5 + 9 — 1.6 7 — 24 
7 10 1.3 7 15 ihe 9 28 
9 14 0.9 9 20 0.7 11 32 
11 18 0.5 11 24 — 0.2 13 34 
13 22 + 0.1 13 28 + 0.3 15 36 
15 25 -— 0.3 15 32 0.8 17 37 
17 -—27 — 0.6 17 + 34 + 1.3 19 — 36 
19 29 1.0 19 36 1.8 21 35 
21 30 1.4 21 37 MD) 23 33 
23 31 jeg) 23 37 2.6 25 30 
We) 31 2.0 Ds 36 2.9 Og 26 
I 30 22 27 34 Blt 29 De. 
29 — 28 -— 2.4 29 + 3] + 3.3 31 -—17 
1 — 25 — 2.5 31 + 28 + 3.3 33 — 12 


Differential coordinates are given in the sense “satellite minus planet.” 
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F60 SATELLITES OF SATURN, 1998 
DIFFERENTIAL COORDINATES OF PHOEBE FOR 0° U.T. 


ne eee 
Date Aa Ad Date Aa Ad 
m Ss fe s m 
Jan. =I — 033 - 6.1 May ] — 104 | — 88 Sept. 2a ot 
1 0 35 6.3 3 102 55) 4 
3 0 38 6.6 5 1 00 59) 6 
5 0 40 6.8 7 057 4.9. 8 
7 0 43 7.0 ° 055 46 10 201 
9 045 43 11 052 43 12 2 03 
1] — 047 | - 7.5 13, 4) 0508 | 5-740 14 | + 204 
13 050 7.7 15 0 47 Br), 16 2 06 
15 052 7.9 17 045 318, 18 2 08 
17 054 8.1 19 0 42 3.0 20 210 
19 0 56 8.3 21 0 39 OM, 22 2A 
21 058 8.5 23 0 37 O33 24 213 
23) | == 1008) = 8:7 25 | — 034 | - 2.0 26 | + 214 
25) 102 8.8 Fy 031 LE 28 2 16 
27 1 04 9.0 29 0 28 13 30 207 
29 1 06 9.2 31 025 1:0. | ,.Oct 2 218 
31 1 08 9.3 | June 2 0 22 0.6 4 219 
Feb. 2 109 9.5 019 |} — 03 6 221 
Ag = 0h — 9.6 6 \e=— O16" | +00 Saya $222 
6 1 13 9.7 8 013 0.4 10 223 
8 114 9.8 10 010 0.8 12 224 
10 1 16 9.9 12 007 Va 14 2105 
12 ew) 10.0 14 0.04 1.5 16 2 26 
14 119 10.1 16 Ji- OO] 1.8 18 2 26 
16 |} — 120 | -10.2 18 He OBE | 122 DOR act DDT 
18 Oi 10.3 20 0 06 25 22 2 28 
20 22 10.3 22 009 219 24 2 28 
22 123 10.4 24 0 12 3.2 26 2 29 
24 1 24 10.4 26 015 3.5 28 229 
26 1 25 10.4 28 019 3.9 30 2 30 
28 | = + 126') —105 30 | + 022 |} + 4.2 | Nov 1 + 230 
Mar. 2 1 26 10.5 | July 2 0 25 4.6 3 2 30 
4 127, 10.5 4 0 28 4.9 5 2 30 
6 1 28 10.4 6 0 32 Se) 7 231 
8 1 28 10.4 8 035 5.6 9 25 
10 1 28 10.4 10 0 38 5.9 11 231 
12 |o—- 129° | -10.3 12) + 041 + 6.2 13th a+ 231 
14 129 10.3 14 0 44 6.5 15 231 
16 1 29 10.2 16 047 6.8 17 2 30 
18 1 29 10.1 18 050 Te 19 2 30 
20 129 10.0 20 0 54 Ves 21 2 30 
22, 1 28 9.9 22 057 7.8 23 2 30 
24 |°—- 128°) — 98 24 | + 100 | + 81 25.) + 229 
26 1 28 9:7 26 1 03 8.4 2a) 2.29 
28 Le 9.5 28 1 06 8.7 29 2 28 
30 1 26 9.4 30 1 09 9.0 | Dec: 1 2 28 
Apr. l 1 26 9.2 | Aug. | 112 9.2 3 227 
3 1/25 9.1 3 114 9.5 5 2 26 
5 lee 11240 = 8.9 SA + 117 | +98 Te |e) 2226 
7 1 23 8.7 i! 1 20 10.1 9 2 25 
9 122 8.5 9 1 23 10.3 11 224 
1] 121 8.3 11 1 26 10.6 13 2123 
13 119 8.1 13 1 28 10.9 15 222, 
15 118 ve) 15 131 11.1 17 Oe 
17) | 1 7et|) = 7.7 7 e+ 33) |) +114 1908] + 122720 
19 115 7.4 19 1 36 11.6 21 219 
21 113 tee? 21 1 38 11.9 23 218 
23 NN by 6.9 23 1 4) 12.1 25 2] 
25 110 6.6 25 1 43 12.8 i) 2 16 
27 1 08 6.4 Pie} 1 46 12.5 29 215 
29 | =- 106 | -— 6.1 29 | + 148 | 412.8 31 + 12213 
May 1 =~ 104.4) — 5.8 31 +) $30) 1) +1310 eh ere ay) 


Differential coordinates are given in the sense “satellite minus planet.” 
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SATELLITES OF SATURN, 1998 Fél 
TRUE ORBITAL LONGITUDE AND RADIUS VECTOR 


The formulae and constants for obtaining the true orbital longitude u and the radius vector 
r of Satellites I-VIII (where y is the inclination) follow. Quantities that change during the year 
are tabulated separately. 


Mimas 
ria = 1.0002 — 0.0201 cos M — 0.0002 cos 2M = US SD Ve=gle S10 
u=L + 2°.303 sin M + 0°.029 sin 2M 
Enceladus 
rla = 1 — 0.0044 cos M Gh = BOM 8 y=1'.4 
u=L+0°.509 sin M u—@ = 36° + 263.15 (JD — 243 6000.5) 
Tethys 
t/a.=11 SI a= 406”.4 Va te 54 0 
Dione 
t/a = 1 —0.0022.cos M = 2025 Ager ee 
u=L+0°.253 sin M u-—@ =214° + 131.62 (JD — 243 6000.5) 


Rhea, Titan, Hyperion 
rla= 1+ e*/2—ecos M —e4/2 cos 2M -... 
u=L+2esinM+... 


Rhea 

f= 126.9 e 0.00119 January 0 — March 16 
0.00118 March 17 — June 24 
0.00117 June 25 — September 24 
0.00116 September 25 — December 25 


0.00115 December 26 — December 32 


TE Al 


Titan 

a = 1684”.4 e 0.02877 January 0 — April 9 
0.02876 April 10 — August 3 
0.02875 August 4 — December 5 


0.02874 December 6 — December 32 


lapetus 
r/a = 1.0004 — 0.0283 cos M — 0.0004 cos 2M a = 4908” .6 
u= L + 3°.240 sin M + 0°.057 sin 2M + 0°.001 sin 3M 


@ = 254.12 January 0 — February 8 
254.11 February 9 — May 7 
254.10 May 8 — July 30 

254.09 July 31 — October 26 
254.08 October 27 — December 32 


F62 SATELLITES OF SATURN 
SATURNICENTRIC RECTANGULAR COORDINATES 


Apparent rectangular coordinates, with the x-axis in the plane of the rings, positive toward 
the east, and the y-axis positive toward the north pole of Saturn, are given by 


m= eLGat CO) y =n/(1+6) 
E =(alA) (r/a) [cos b sin (I - U)] 

7 =(a/A) (r/a) [cos b sin B cos (l— U) + sin b cos B] 
€ =(al/A) (r/a) (cos b cos B cos (1— U) - sin b sin B] 


sin b = sin (u — 9) sin y 


cos bsin(/-— @) = sin(u—9@)cos y 
cos bcos (l— 8) = cos (u - @) 
For Satellites I-V, apparent rectangular coordinates may be obtained with sufficient 
accuracy from 
= (a/A) (r/a) [1/1 + €)] sin (u-U) = s sin (p - P) 
(a/A) (ria) (1/1 + €)] [sin B cos (u— U) + cos B sin y sin (u — 8)] 
S COS (p — P) 


es 
i 


and the tables given below. In critical cases ascend. 


Mimas Tethys Rhea 
w-U LS pha u-—U ic u-—U un U pee 
1+¢ 1+¢ 1+¢ 
0.0 0.9999 360.0 0.0 0.9998 360.0 0.0 0.9996 360.0 
67.3 292.7 43.4 316.6 18.6 341.4 
1.0000 0.9999 0.9997 f 
112.6 1.0001 247.4 75.9 1.0000 284.1 47.4 0.9998 312.6 
MENG WW? 104.0) 0 256.0 Ca 294.0 
1.0001 0.9999 
136.5 1.0002 ODES 82.2 1.0000 277.8 
DISS tas 136.6 Sieh =. 262.3 
1.0001 
113.9 246.1 
1325 1.0002 22h5 
Enceladus Dione we EL OO0S , 
161.3 1.0004 198.7 
\ , VO8iO*2— 161.4 
— y Se — — on oe 3 — 
u—U rc u-—U u-—U r+¢ u-U 
0.0 0.9998 360.0 0.0 0.9997 360.0 
25.9 0.9999 334.1 19.0 0.9998 341.0 
oe 1.0000 ane nae 0.9999 304.6 
ec LOOORIS es Ne 1.0000 280-9 
Pi iaae S, 100.8 1 0001 259-2 
29 154.1 124.5 1.0002 2855 
160.9 199.1 


SATELLITES OF URANUS, 1998 F63 


APPARENT ORBITS OF SATELLITES I-IV AT DATE OF OPPOSITION, 


AUGUST 3 
South 
East 
West 
North 
NAME SIDEREAL PERIOD 
d h 
Wie Wand deere ser 1.4 
TigeeArielie. es ..:. Petes. t..e2 2 12.489 
JO ho> AUG OHNE lease. eeeeercaed 4 03.460 
UMC ANT A eee caees. =o 8 16.941 
[Ver Oberon 4...:%.2885.:22 13 11.118 
RINGS OF URANUS 
Semimajor Eccentricity Azimuth of Precession 
Ring Axis Periapse Rate 
km . °/d 
6 41870 0.0014 236 Dil 
5 42270 0.0018 182 2.66 
4 42600 0.0012 120 2.60 
(04 44750 0.0007 33 2.18 
B 45700 0.0005 231 2.03 
TN 47210 —— — = 
Y 47660 —_—— = a= 
6 48330 0.0005 140 — 
€ 51180 0.0079 216 1.36 


Epoch: 1977 March 10, 20" UT (JD 244 3213.33) 


F64 SATELLITES OF URANUS, 1998 
APPARENT DISTANCE AND POSITION ANGLE 


7 
Time from | Miranda | Time from Ariel Umbriel | Time from Titania Time from 
Northern : Northern Northern Northern 
Elongation Ff P, Elongation F P, F P, Elongation F P, Elongation 
‘dial ° d oh ° d oh 


Apparent distance of satellite is Fa/A 
Position angle of satellite is Pi +P, 


SATELLITES OF URANUS, 1998 F65 
APPARENT DISTANCE AND POSITION ANGLE 


Date ae - Date a/A , 
oh Mi- j Um- i- h 2 : =e ; 
( UT) Oberon (0 UT) mt Ariel ae oa Oberon 
Jan. S89 On duly, 6 | 9.4 | 13.9 | 19.3 | 31.7 | 42.4 | - 0.2 
38.8 17, 16 | 9.5 | 13.9 | 19.4 | 31.8 | 42.6 0.0 
38.7 1.4 26 | 9.5 | 14.0 | 19.4 | 31.9 | 42.6 | + 0.1 
38.6 1.2 | Aug 5 | 9.5 | 14.0 | 19.5 | 31.9 | 42.7 0.3 
Feb. 38.6 0.9 15 | 9.5 | 13.9 | 19.4 | 31.9 | 42.6 Os 
38.7 | + 0.7 ZO NID ES NBO TS AEBS 42-5 ENO, 
38.8 0.4 | Sept. 419.4 | 13.9 | 19.3 | 31.6 | 42.3 0.9 
Mar. 39.0 0.2 14 |} 9.4 | 13.8 | 19.2 | 31.5 | 42.1 1.0 
39.2 |+ 0.1 2419.3 | 13.7 | 19.1 | 31.3 | 41.8 Tel 
39.4 | — 0.1 | Oct. 4/9.2 | 13.6 | 18.9 | 31.0 | 41.5 1.2 
Apr. 39.7 | — 0.2 14 | 9.2 | 13.5 |.18.8 | 30.8] 41.2. | + 1.3 
40.0 0.3 24 | 9.1 | 13.4 | 18.6 | 30.5 | 40.8 1S 
40.4 0.4 | Nov. 3 | 9.0 | 13.2 | 18.4 | 30.3 | 40.5 1.3 
May 40.7 0.5 135118:9) | W321 | 18-3',30:02|, 404 iy 
41.0 0.5 DSS 9s ISWELS 21 29:85). 39.8 all 
41.4 | -— 0.5 | Dec. 3 | 8.8 | 12.9 | 18.0} 29.5 | 39.5 | + 0.9 
June 41.7 0.5 DSi esei | ESI WON 29531392 0.7 
42.0 0.4 Pros esh) fol fac) 2a el laa) Lleol ia -p-4 aco pea 0.5 
42.2 |- 0.3 BN Tf eoeon | EEE || SEMETE | PALO) |) SESS a (0)? 


UNIVERSAL TIME OF GREATEST NORTHERN ELONGATION 


Jan. Feb. Apr. May are July Se Oct. | Nov. Dec. 


Mar. Aug. 
MIRANDA 

h hil ante Mee Pideehs nidmnwhh -pcumthp jadi se bagi dl daha pdtewh 

11.4 18.15) 2 19:97), 1 1213") LAO O71 |, WOOD |. RAL si) 1.04.5), 1k06:45), -2.08°6 
D7) OFF 3060 222121 S008 2 | 2 19:0) 2215 | aA 2165) S85 
07.0 14.0} 416.0] 408.0) 4105] 403.2} 405.1] 407.3] 4003] 4025] 504.5 
16.9 PEO | UPR Stl) SAOZE Sri Soy Its Rs I Sia ileal CUO Spal Axon) lies) 
02.8 O96) | ele 70329217 06s 6231057 Ole 7 O57 1h] Onl 99" 6122.67 8:00:16 
12.9 19.4} 822.0] 813.9] 8160} 808.8] 811.2} 813.2} 805.6) 808.4] 910.7 
23.0 05.2.|.10'07.8:110:00.0.| 10:01.,9:)) 918.6.) 921.2) 9.23.2 |--9.15.5-)-918:3.|-10 20:7 

11 09.1 15.0 | 1117.7] 11 10.1 } 11 11.9 | 11 04.4 | 1107.1 | 11 09.3 | 1101.4 | 11 04.0 | 12 06.7 
1219.1 00.9 | 13 03.4 | 12 20.0 | 12 21.9 | 12 14.2 | 12 16.9 | 12 19.4 | 12 11.3 | 12 13.8 | 13 16.6 
14 05.0 10.9 | 14 13.2 | 1405.9 | 1408.1 | 1400.1 | 1402.7 | 1405.4 | 13 21.3 | 13 23.7 | 15 02.5 
15 14.9 20.9 | 15 23.1 | 15 15.8 | 15 18.1 | 15 10.0 | 15 12.5 | 15 15.3 | 15 07.4 | 15 09.5 | 16 12.2 
17 00.8 07.0 | 17 08.9 | 17 01.7 | 1704.1 | 16 19.9 | 16 22.4 | 1701.2 | 1617.5 | 16 19.4 | 17 22.0 
10.5 17.1 | 18 18.9 | 18 11.4 | 18 14.0 | 18 06.0 | 18 08.2 | 18 10.9 | 18 03.6 | 18 05.5 | 19 07.8 
20.3 03.1 | 20 05.0 | 19 21.3 | 19 23.9 | 19 16.1 | 19 18.1 | 19 20.7 | 19 13.5 | 19 15.5 | 20 17.7 
06.1 13.0 | 21 15.0 | 21 07.0 | 21 09.6 | 21 02.1 | 21 04.1 | 21 06.4 | 20 23.5 | 21 01.6 | 22 03.6 
16.0 22923010) | 22 17.0) 22,1922 12.2 | 22 14.1 22 16.3) 227093.) 227.23) 13:6 
OLS 08.7 | 24 11.1 | 2402.9 | 24 05.2 | 23 22.1 | 2400.1 | 2402.2 | 23 19.1 | 23 21.7 | 24 23.6 
11.9 18.6 | 25 21.0 | 25 12.9 | 25 15.1 | 25 07.9 | 25 10.3 | 25 12.2 | 25 04.8 | 25 07.6 | 26 09.8 
21.9 04.3 | 27 06.9 | 26 22.9 | 2701.0 | 26 17.8 | 26 20.3 | 26 22.2 | 26 14.7 | 26 17.4 | 27 19.8 
08.1 14.1 | 28 16.7 | 28 09.1 | 28 10.9 | 28 03.5 | 28 06.2 | 28 08.4 | 28 00.5 | 28 03.2 | 29 05.8 
00.0 | 30 02.6 | 29 19.1 | 29 20.9 | 29 13.4 | 29 16.1 | 29 18.4 | 29 10.4 | 29 13.0 | 30 15.7 

09.9 31 05.0 30 23.2 | 31 02.0 30 20.3 | 30 22.9 | 32 01.6 


F66 SATELLITES OF URANUS, 1998 
UNIVERSAL TIME OF GREATEST NORTHERN ELONGATION 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec 
a [ea 
ARIEL 
dhe ia Bie) Paes hd Done ae tha lioa The Ade Pate 2 Bhim d Ni gl) Pde ahi tee etree | idl eb 
OOO: 1184) SANTIS 05:9"! | 3.1.7.2 17,514 223.342 05.2) 0199.2) M729 Sue) 1050 
212.6} 406.9} 400.1} 518.4] 600.2} 506.0] 511.9] 417.8] 323.7] 405.6} 600.0} 317.5 
SOM 1671914) 612,74" 8:06:91 1 8127) 7 18:5" 8 00:3) 9706.2) 612.2)) 618281251 6.06.0 
7 13.6| 907.8) 901.1] 1019.4] 1101.2} 1007.0] 1012.8) 918.8] 900.7] 906.7) 1101.0] 8 18.5 
10 02.0} 11 20.3} 11 13.6} 13 07.9} 13 13.6] 12 19.5 | 13 01.3 | 12 07.2] 11 13.2 | 11 19.2 | 13 13.5 | 11 07.0 
12 14.5] 14 08.8} 1402.1 | 15 20.4} 16 02.1 | 15 08.0 | 15 13.8 | 14 19.8 | 14 01.7 | 14 07.6 | 16 02.0 | 13 19.4 
15 03.0 | 16 21.3 | 16 14.5 | 18 08.8} 18 14.6) 17 20.5 | 18 02.3 | 17 08.2 | 16 14.2 | 16 20.1 | 18 14.5 | 16 07.9 
17 15.5 | 19 09.8 | 19 03.1 | 20 21.3 | 21 03.1 | 20 09.0 | 20 14.8 | 19 20.7 | 19 02.6 | 19 08.6 | 21 03.0 | 18 20.4 
2010470) 2122-31) 21 15:5) 23) 09.8)| 23.15.6222 21740123 03,3)1 22 09.2 | Qn 15.2) 21 210 2315-5) 2108-9 
22 16.4 | 24 10.8 | 24 04.0 | 25 22.3 | 26 04.1 | 25 09.9 | 25 15.8 | 24 21.7 | 24 03.6 | 24 09.6 | 26 04.0 | 23 21.4 
25 04.9 | 26 23.2 | 26 16.5 | 28 10.8 | 28 16.6 | 27 22.4 | 28 04.3 | 27 10.2 | 26 16.2 | 26 22.1 | 28 16.5 | 26 09.9 
27 17.4 29 05.0 | 30 23.2 | 31 05.0 | 30 10.9 | 30 16.8 | 29 22.7 | 29 04.6 | 29 10.6 28 22.4 
30 05.9 SITS 31 23.0 31 10.8 
3333 
UMBRIEL 
do nfa@ h][a hla pla bla nf a nla rta a 
012.7) 216.4} 3164] 1164) 420.1} 220.4) 1205) 400.1} 200.6 
ANG 2) O19 8) O38) SnD: 98 e823) On 012378 eat 3- 0-18 03.0) | m0" 03-0 
8 19.7} 10 23.2 | 11 23.2] 9 23.3 | 13 02.9 | 11 03.3 | 10 03.5 | 12 07.0} 1007.4 
12 23.2 | 15 02.6 | 16 02.6 | 18 06.2 | 17 06.4 | 15 06.7 | 14 06.9 | 16 10.5 | 14 10.9 
17 02.6 | 19 06.2 | 20 06.2 | 22 09.6 | 21 09.9 | 19 10.2 | 18 10.3 | 20 14.0} 18 14.5 
21 06.0 | 23 09.6 | 24 09.6 | 26 13.1 | 25 13.4 | 23 13.6 | 22 13.7 | 24 17.5 | 22 18.0 
25°09'5'| 27 13,011.28 13.030 16.6').29.16:9'|.27,17.0 || 26:17.2:/.28 21.0 | 26 21.5 
29259: 30 20.6 
TITANIA 
dp Uahinl det hale d oh 
5 2329) S22 OMA TE PATS 6 1S. TRIS. 9) Ost OS 4 SiS 1OSi 13'S gl 
4 16.9] 1705.1 | 15 07.6 | 10 10.3 | 15 06.1 | 10 08.9 | 15 04.6 | 10 07.6 | 14 03.5 | 10 06.5 | 14 02.3 | 10 05.0 
13 09.7 | 25 21.8 | 24 00.5 | 19 03.3 | 23 22.9 | 19 01.8 | 23 21.6 | 19 00.5 | 22 20.5 | 18 23.4 | 22 19.2] 18 21.9 
220285 27 20.1 27 18.7 27 17.5 27 16.4 27 14.8 
30 19.3 36 07.8 
poh Te ee 
OBERON 
ile Fina Re ee eV BI EY Nhe aS Tl ction WI aay Ie oe 
1221.8} 919.7} 517.9] 216.3)1202.0} 800.5] 422.8] 1408.2] 11 06.4 
26 08.8 | 23 06.8 | 19 05.1 | 16 03.6 | 25 13.3 | 21 11.7] 18 10.0 | 27 19.3 | 24 17.4 
29 14.8 3121.1 38 04.3 


SATELLITES OF NEPTUNE, 1998 F67 
APPARENT ORBIT OF TRITON AT DATE OF OPPOSITION, JULY 23 


South 


Law Tt 


East 
West 
North 
NAME SIDEREAL PERIOD 
I. Triton 59 21.044 
Il Nereid 3604.2 


DIFFERENTIAL COORDINATES OF NEREID FOR 0° U.T. 


Date Aa cosd Ad Aa cosd 


Jan. 3 +4065 +86.1 
7 evra) 82.5 

17 3 37.4 78.6 

2 322 74.1 

Feb. 6 3 03.7 69.0 


16 +245.0 +63.4 


-041.1 
1 07.1 17.4 
i Sy7/ Ml 
-0 19.1 —08.4 
+1 14.5 


+2 24.2 


Sept. 14 +5 2951 +106.1 


Oct. 4 5 28.8 107.3 


26 2 24.7 Sie Shae 7 60.1 13 5 03.4 102.6 
Mar. 8 2 02.9 50.2 3 54.7 (Ee 23 453.5 100.4 
18 1395 42.5 4 24.7 83:20) Dec 3 442.4 97.7 


28 114.1 34.0 447.7 13 4 30.3 94.7 
Apr. 7 +047.0 +24.8 +5 04.7 23 +4 17.2 +91.4 
17 +0 18.3 14.7 5 16.8 101.1 33 4 03.0 87.6 


27 —011.5 +04.0 +5247 +104.1 


F68 SATELLITES OF NEPTUNE, 1998 
TRITON 


UNIVERSAL TIME OF GREATEST EASTERN ELONGATION 


Time from Time from Time from Time from 
Eastem F Eastern Eastem Py Eastem F Py 
Elongation Elongation Elongation Elongation 
Te ° dh ° 
0.00 1.000 265.9 412 0.766 0.4 
003 0.996 271.8 415 0.778 10.2 
0 06 0.985 277.8 418 0.798 | 1957 
0.09 0.968 284.0 421 0.824 28.6 
012 0.944 290.6 5 00 0.854 36.9 
015 0.916 297.6 5 03 0.885 44.6 
018 0.886 305.0 5 06 0.916 51.8 
021 0.854 313.0 5 09 0.944 58.6 
1 00 0.824 321.6 Sly? 0.967 65.0 
103 0.798 330.8 15 0.985 | 714 
1 06 0.778 340.4 5 18 0:996° 771 
109 0.766 350.4 21 1.000 82.9 


Apparent distance of satellite is Fa/A 
Position angle of satellite is Py FP, 


SATELLITE OF PLUTO, 1998 F69 
APPARENT ORBIT OF CHARON AT DATE OF OPPOSITION, MAY 28 


South 


UNIVERSAL TIME OF 
ry NORTHERN ELONGATION 


East 
West © 


North 


Sidereal Period: 640929 


June 
July 


Time from Time from Time from Time from 
Northern Northern Northern Northern 
Elongation Elongation Elongation Elongation 


Apparent distance of satellite is Fa/A. 
Position angle of satellite is p, + p,. 
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MINOR PLANETS AND COMETS, 1998 


Notes 


Gl 


CONTENTS OF SECTION G 


Osculating elements for periodic comets — 


Geocentric ephemeris and time of ephemeris transit for: 


Ceres 
Pallas 
Juno 

Vesta 


Orbital elements and other data « on 1 selected 1 minor or planets. 


See also 


Phenomena of the principal minor planets 
Visual magnitudes of the principal minor planets 


Notes 


PAGE 
Gl 
Gl 


G2 
G4 
G6 
G8 
G10 


A4 
AS 


The osculating elements for periodic comets returning to perihelion in 1998 have been 
supplied by B.G. Marsden, Smithsonian Astrophysical Observatory, and are intended for 
use in the generation of ephemerides by numerical integration. 


The geocentric ephemerides of the four principal minor planets (1 Ceres; 2 Pallas; 
3 Juno; 4 Vesta) give, at an interval of 2 days, the astrometric right ascension and 
declination, referred to the mean equator and equinox of J2000.0, the geometric distance 


and the time of ephemeris transit. 


Linear interpolation is sufficient for the distance 


and ephemeris transit, but for the astrometric right ascension and declination second 
differences are significant. The tabulations are similar to those for Pluto, and the use of 
the data is similar to that for major planets. 


Opposition dates (in right ascension) and visual magnitudes in 1998, and osculating 
elements for epoch 1998 July 6:0 TDT (JD 245 1000-5) and ecliptic and equinox J2000-0, 
for 129 of the larger minor planets are given on pages G10—G12; in these tabulations H 
is the absolute visual magnitude at zero phase angle and G is the slope parameter which 
depends on the albedo. The data were supplied by the Institute of Theoretical Astronomy, 


St. Petersburg. 


Name 


P/1991 S1 (McNaught-Hughes) 
55P/Tempel-Tuttle 
104P/Kowal 2 

P/1991 C1 (Shoemaker-Levy 3) 
62P/Tsuchinshan 1 


68P/Klemola 

49P /Arend-Rigaux 
80P/Peters-Hartley 

P/1991 V2 (Shoemaker-Levy 7) 
83P/Russell 1 


88P/Howell 

93P/Lovas 1 
98P/Takamizawa 

P/1983 J3 (Kowal-Vavrova) 
21P/Giacobini-Zinner 


VERTODICC OMETS1998 
OSCULATING ELEMENTS FOR ECLIPTIC AND EQUINOX OF J2000-0 


Perihelion 
Time 
GR 


Feb. 23-743 42 
Feb. 27-489 30 


Mar. 1-954 22 
Mar. 3-927 95 
Apr. 19-073 13 


May 1-665 09 
July 12-598 53 
Aug. 11-735 60 
Aug. 25-269 12 
Aug. 26:105 61 


Sept. 27:253 27 
Oct. 14-158 74 
Nov. 7:974 22 
Nov. 15-180 71 
Nov. 21-316 85 


Perihelion 
Distance 


q 


au 
2-116 2278 
0-976 6240 
1-396 6474 
2-816 7098 
1-495 8573 


1-754 5127 
1-368 5846 
1-623 9641 
1-697 4064 
2-182 4517 


1-406 1363 
1-691 7801 
1-585 2098 
2-577 2605 
1-033 7125 


Eccen- 
tricity 
e 


Inclin- 
ation 
i 


Period} Arg. of 
Perihelion 
7) 


P 


0-404 1247 
0-905 4981 
0-585 3139 
0-248 0816 
0-576 6137 


0-641 3187 
0-611 5430 
0-598 0193 
0-531 1480 
0-437 5002 


0-552 6884 
0-613 1249 
0-575 1732 
0-586 6581 
0-706 4829 


° 
224-364 80 
172-487 09 
191-907 59 
181-142 45 
22:770 35 


154-543 27 
330:561 67 
338-408 86 

95-570 41 
333-885 32 


234-911 93 
74-491 61 
147-806 28 
18-926 38 
172-543 30 


years 
6:69 
33-22 
6:18 
7-25 
6:64 
10-82 
6°61 
8-12 
6:89 
7:64 
sya 
9-14 
7-21 
I SHSY7f 
6-61 


89-973 36 
235;259) 32 
246-152 97 
303-716 37 
96-811 54 


175-543 25 
121-729 24 
260-006 41 
309-500 71 
226-438 74 


57-668 82 
340-020 32 
124-845 82 
202-277 94 
195-398 47 


7:303 29 
162-484 25 
15-490 63 
5-009 95 
10-495 50 


11-088 72 
18-290 60 
29:855 49 
10-090 52 
17-745 95 


4-398 34 
12-236 56 
9-489 73 
4:344 69 
31-858 73 


G2 CERES, 1998 
GEOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 


Astrometric J2000-0 rue ygeest Astrometric J2000-0 pee ey 

Date Dist- eris Date Dist- eris 
R.A. Dec. 5 R.A. Dec. 1 
ance ‘Transit ance Transit 

h m s 0. Pmt h m h m s Sal ecaalar h m 
Jan. —1 23 08 57-4 -—15 46 49 3-251 16 33-0 Apr. 1 1 08 58-9 — 0 18 31 3-901 12 31-0 
123 10625 15:28 033-276 -16 27-3 3-1 1851-4 + 0 01-127 3-902 @512825-9 
Sip salons 15 09 09 3-300 16 21-6 5 1 14°44-1 0 20 49 3-903 12 21-0 
5.23/15) 30:5 14 50 06 3-323 +16 15-9 qh SS) HEAL 0 40 20 3-904 12 16-0 
7 23 17 45-4 14 30 55 «03-347 16 10-3 9 1 20 30-4 0 59 43 3-903 12 11-0 
9 23 20 02-1 —14 11 37 3-370 16 04-7 11 1 23 23-99 + 11900 3-903 12 06-0 
11 23 22 20-4 1BISZ M2 3 :392 5 lon 922 13 1 26 17-6 1 38 10 3-901 12 01:0 
13. 23 24 40-4 13 32 39 3-414 15 53-6 15) 2129711:6 157 11 3-899 11 56-0 
15 23 27 01-9 13 13 00 3-436 15 48-1 17 1 32 05-8 21606 3-897 11 51-1 
17 23 29 25-0 12 53 15 3-458 15 42-6 19 1 35 00-2 2 34 52 3-894 11 46-1 
19 23 31 49-5 -—12 33 24 3-479 15 37-2 24 «1 37 54-8 + 2:53 30 3-890 ILL Aled 
223) 34515-5, 12 13 27 3-499 15 31-8 23 «1 40 49-6 311 59 3-886 11 36-2 
23 23 36 42:8 11 53 24 3-520 15 26:3 25 1 43 44-6 3 30 20 3-882 11 31-2 
25723 39 ah 1:5: 11 33 17. 3-539 «15 20-9 27. «1 46 39-7 3 48 31 3-876 11 26-2 
27 23 41 41-4 11 13 04 3-559 15 15-6 29 «1 49 34-9 4 06 33. 3-870 «11 21-3 
29 23 44 12-6 -10 52 48 3-577 15 10:2 May 1. 1 52 30-1 + 4 24 26 3-864 11 16:3 
31 23 46 44-9 10 32 27 3-596 15 04-9 Sle 2oN 4 42 08 3-857 11 11-4 
Feb. 2 23 49 18-4 10 12 03 3-614 14 59-6 5 1 58 20-8 459 40 3-850 11 06-4 
4 23 51 52-9 9 51 36 3-631 14 54-3 Te 2 OV 162 Sy 7 O22 3-842, | TOS 
6 23 54 28-4 9 31 06 3-648 14 49-0 9 2 04 11-6 5 3412 3-833 10 56:5 
8 23 57 04:8 — 9 10 33 3-664 14 43-7 1h ...2. 07,,07:0 . +. 5°51,.12 ..3-824.,..10 5156 
10 23 59 42-2 8 49 58 3-680 14 38-5 13. 2 10 02-4 6 08 01 3-815 10 46-6 
12 0 02 20-5 8 29 21 3-695 14 33:3 TS 212 57-7 6 24 39 3-805 10 41-7 
14. 0 04 59-7 8 08 43 3-710 14 28-1 17. 2 15 53-0 6 41 05 3-794 10 36-7 
16 0 07 39-7 7 48 03 3-725 14 22-8 19 2 18 48-2 6 57 20 3-783 10 31-8 
18° 0°10 20°S''—' 7-27 22 3-738 14 17-7 2 S22 1"43 40-97 1Sr2s “oT OP 2O8 
20 0 13 02-1 7 06 40 3-752 14 12:5 23 2 24 38-4 7 29 13 3-759 10 21-8 
22 0 15 44-5 6 45 58 3-764 14 07-3 251992 276333 7 4452 3-747 10 16-9 
24 0 18 27:6 @ 2oele 3777" 714" 02:2 27 2 30 28-0 8 00 17 3-734 10 11-9 
26 «60 21 11-4 6 04 34 3-788 13 57-0 29 2 33922-4 8 15 30 3-720 10 06-9 
28 0 23 55:99 — 5 43 52 3-800 13 51-9 31 2 36 16:6 + 8 30 30 3-706 10 02-0 
Mar. 2 (0 26 41-0 5 23 12 3-810 13 46:8 June 2 2 39 10-5 8 45 17 3-691 9 57-0 
4 0 29 26:8 5 02 32 3-820 13 41-7 4 2 42 04-1 8 59 50 3-676 9 52-0 
6 0 32 13-1 4 41 55 3-829 13 36-6 6 2 44 57-4 91410 3-661 9 47-0 
8 0 34 59-9 42119 3-838 13 31-5 8 2 47 50-3 928 16 3-645 9 42-0 
10 0 37 47:3 — 4 00 46 3-847 13 26-4 10 2 50 42:8 + 9 42 08 3-628 9 37-0 
12 0 40 35-2 3 40 15 3-854 13 21:3 12 12553 34:8 OFS 5415: 012 5 9 382-0 
14 0 43 23-6 3 19 47 © 3-862" 13° 16:2 14 2 56 26:5 10 09 12 3-594 9 27-0 
16 0 46 12:4 2 59 23 3-868 13 11-2 16 259 17-6 LOT 22 22 3-570) Su) 
18 0 49 01-8 239 01 3-874 13 06-1 18 3 02 08-3 10 35 18 3-558 9 16-9 
20,,, 0.51, 51-6, — 2 18 43° 23-880. 13701-1 20 3 04 58-3 +10 48 00 3-540 9 11-9 
22 0 54 41-8 158 30 3:885 12 56-0 22 eS ULATS 11 00 28 3-521 9 06:8 
24 0 57 32:4 1 38 20 3-889, 12.51-0 24 3 10 36-6 11 12 40 3-501 9 01-8 
26 =1 00 23-5 118 15 3-893 12 46-0 26 «3 13 24-7 11 24 38 3-481 8 56-7 
28 =1 «03 15-0 058 15 3-896 12 41-0 28 1131 16512-0 11 36 21 3-461 8 51:6 
30 «=©1 06 06:8 — 0 38 20 3-899 12 36-0 30 3 18 58-4 +11 47 49 3-440 8 46-5 
Apr. 1. 1 08 58-9 — 0 18 31 3-901 12 31:0 July 2 3 21 44:0 +11 5902 3-419 8 41-4 


CERES, 1998 G3 
GEOCENTRIC POSITIONS FOR 0° DYNAMICAL TIME 


; True Ephem- P True Ephem- 

ace a oa ai Dist- a Waic Astrometric J2000-0 Dist- ae 
pas oa ance Transit Nass at ance ‘Transit 

h m Ss o fn Bey h m h m s on te FP h m 
July 2 3 21 44:0 +11 5902 3-419 8 41-4 Oct. 2 4 50 31-7 +16 28 51 2-211 4 07:8 
4 3 24 28-7 12 10 00 3-398 =8 36-2 4 4 50 55-5 16 30 53 2-186 §=©4 00-3 
6 £87 12-4 12 20 43 3-376 =68 31-1 6 451 13-4 16932952, 2-162 3 52-7 
8 3 29 55-1 12 31 11 3-353 8 25-9 8 4 51 25-0 16 34 48 2-136 3 45-0 
10 3 32 36-7 12 41 24 3-331 8 20-7 10 4 51 30-4 16°36F416 S222" 23537-3 
12 38°35 W953" F112 51122) 438-308 2P8 15-5 12 4 51 29-4 +16 38 31 2-088 3 29-4 
14 3 37 56-6 13 01 04 3-285 8 10-3 14 4 51 21-8 16 40 20 2-065 3 21-4 
16 3 40 34-7 13 10 32 3-261 #8 05-1 16 4 51 07-7 16 42 07 2-042 3 13-3 
18 3 43 11-6 13 19 44 3-237 7 59-8 18 4 50 46-9 16 43 53 2-020 3 05-1 
20 3 45 47-0 13 28°42 ©3°243 887 54-5 20 4 50 19-4 16 45 39 1-999 2 56-7 
22 «3 48 21:0 +13 37 24 3-188 7 49-2 22 4 49 45-3. +16 47 23 1-978 2 48-3 
24 3 50 53-4 13 45 52 3-164 7 43-9 24 4 49 04-5 16 49 08 1-958 2 39-8 
26 3:53 24-1 13 54 04 3-138 87 38-5 26 «64 48 17-1 16 50 53. 1-939 2: 31-1 
28 S55 9372) 1402502 33-113) 7 33-1 28 4 47 23-2 16 52 38 1-920 2 22-3 
30 «63:58 20-4 14 09 44 3-087 7 27-7 30 4 46 23-0 16 54 24 1-903 2 13-5 
Aug. 1 4 00 45-8 +1417 12 3-061 722-2 Nov. 1 4 45 16-5 +16 5610 1-886 2 04-5 
3 4 03 09-2 14 24 26 3-035 7 16-7 3 4 44 03-9 16 57 59 «1-870 =1 55-4 
5 405 30-6 14 31 25 3-009- 7 11-2 § 4 42 45-5 16 59 48 1-855 1 46-3 
7 407 49-9 14 38 10 2-982 7 05-7 7 441 21-4 17 01 39 «1-841 #1 37-0 
9 4 10 07-0 14 44 41 2-955 7 00-1 9 4 39 51-8 17103" S2- MMESZ8) 81527 -7 
11 4 12 21:7 +14 50 58 2-928 6 54-4 11 4 38 17-2 +17 05 27 «11-816 =1 18-2 
13 4 14 34-1 14 57 02 2-901 6 48:8 13 4 36 37-7 17 07 24 1-805 1 08-7 
15 4 16 44-0 15 02 52 2-874 6 43-0 15 4 34 53-8 17.09 23 1-795 0 59-1 
17 4°18 51-2 15 08 29 2-846 6 37:3 17 +4 33 06-0 17 11 24 1-786 0 49-5 
19 4 20 55-7 15 13:53 52-819 ~*6 31:5 19 4 31 14-5 17 13 28 1:778 0 39-8 
21 #4 22 57-3 +15 19 04 2-791 6 25-6 21. +4 29 20-1 +17 15 36 1-772 #0 30-0 
23. «4 «24 55-9 15924703: 22-763: 619-7 23 «4 27 23-1 17 17 47 1-766 =0 20-2 
25 7426 51-3 15 28 49 2-735 6 13:8 25 a4 524-1 17 20 01 1-762 0 10-4 
27) «4 28 43-5 15 33 23 2-707 =6 07:8 27 4°23 23:8 17 22 20 1-759 0 00-5 
29 4 30 32:3 15 37 46 2-679 6 01:7 29 ° 4 21 22-5 17 24 44 1-757 23 45-7 
31 4 3217-6 +15 41 57 2-651 5556 Dec. 1 4 19 21:0 +17 27 13 1-756 23 35-8 
Sept. 2 4 33 59-2 15 45 58 2-622 5 49-4 3 417 19-8 17 29 48 1-757 23 26-0 
4 AND 95152 15 49 48 2-594 5 43-1 5 415 19-4 17 32 29 1-758 23 16-1 
6 4 37 11-2 15 53 28 2-566 5 36:8 7 4 13 20:3 17 35 17 1-761 23 06-3 
8 4 38 41-3 15 56 58 2-538 5 30-4 9 411 23-1 17 38712" “All-765. 2256-5 
10 4 40 07-1 +1600 19 2-510 5 24-0 11 4 09 28-3 +17 41 14 1-770 22 46-8 
12 4 41 28-7 16°03 34 §2-482/""'5: 175 13 4 07 36:5 1 4426 “I-76 922 37-1 
14 4 42 45-8 16 06 34 2-454 5 10-9 15 405 481 17 47 46 1-784 22 27-4 
16 4 43 58-2 16 09 29 2-426 5 04-2 17 4 04 03-5 If Bille toy wlleyiSP2 eee NID) 
18 4 45 05-9 16°12) 17 ~2°398 "4 57-5 19 4 02 23-4 17 54 56 =1:802 22 08-4 
20 4 46 08-5 +16 14 57 2-371 4 50-6 21 400 48-1 +17 58 47 1-812 21 59-0 
22 4 47 06-0 16 17 30 2-344 4 43-7 23 «=3:59 17-9 18 02 50 1-824 21 49-7 
24 4 47 58-2 16 19 57 2:317 4 36-7 25) eS) 5578 18 07 06 1-836 21 40-5 
26 «64 48 45-1 16 22 18 2:290 4 29-6 27 8 56 34-5 18 11 34 1-850 21 31-3 
28 4 49 26:3 16 24 34 2-263 4 22-4 PA 8h Spy WAlleI 18 16 15 1-864 21 22-3 
30 450 01:9 +16 26 45 2-237 4 15-2 31 3:54 15-3 +18 21 09 1-879 21 13-4 
Oct. 2 4 50 31-7 +16 28 51 2-211 4 07:8 33 3:53 15-3 +18 2617 1-895 21 04-6 


Second Transit: November 27° 23" 5576 


G4 


Date 


Jan. — 


Feb. 


Apr. 


GEOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 


Astrometric J2000-0 
R.A. 


32:8 


54-2 
28-6 


35-9 
08-7 
41-0 


12-8 
43-9 
14-4 
44-2 
13-4 


41-8 
09-6 
36:6 
02-8 
28-2 


52:8 
16-4 


Dec. 


Pr RP RP Ro 


Se eS OOo) OSC: SOE ae OS ee) Ee 


WwW W NON NY NY HY NOR Re ee 


True 
Dist- 
ance 


4-148 
4-163 
4-177 
4-190 
4-203 


4-215 
4-227 
4-238 
4-248 
4-258 


4-266 
4-275 
4-282 
4-289 
4-296 


4-301 
4-306 
4-310 
4-314 
4-317 


4-319 
4-320 
4-321 
4-321 
4-320 


4-319 
4-317 
4-314 
4-310 
4-306 


4-301 
4-296 
4-289 
4-282 
4-274 


4-266 
4-257 
4-247 
4-236 
4-225 


4-213 
4-201 
4-188 
4-174 
4-160 


4-144 
4-129 


PALLAS, 1998 


Ephem- 
eris 
Transit 


Date 


Apr. 


May 


June 


July 


Astrometric J2000-0 
Dec. 


h 
22 
22 
22 
22 
22 


22 
22 
22 
22 
22 


22 
22 
22 


R.A. 


In Ss 


30 16-4 


sn a) I) 1 NINYAAN NYNDDADA DADDADADHD UAMNNAnn Anse L Fs SHAH HRW WWW WW o 


True 
Dist- 
ance 


4-129 
4-112 
4-095 
4-078 
4-059 


4-041 
4-021 
4-001 
3-981 
3-959 


3-938 
3-916 
3-893 
3-870 
3-846 


3-822 
3-797. 
3-772 
3-746 
3-720 


3-693 
3-666 
3-639 
3-611 
3-583 


3-554 
3-525 
3-496 
3-467 
3-437 


3-407 
3-376 
3-346 
3-315 
3-284 


3-253 
3°222 
3-190 
3-158 
3-127 


3-095 
3-063 
3-031 
2-999 
2-967 


2-935 
2-904 


Ephem- 
eris 
Transit 


m 
52:4 
46-9 
41-4 
35:9 
30-3 


24-8 
19-2 
13-6 
08-0 
02:3 


56-7 
51-0 
45-3 
39-6 
33-8 
28-0 
22-2, 
16-4 
10-6 
04-7 


58-8 
52-9 
46-9 
40-9 
34:9 


28-9 
22:8 
16-7 
10-5 
04-4 


58-1 
DL:9 
45-6 
39-2 
32:9 


26:4 
20-0 
155 
06-9 
00-3 


53-6 
46-9 
40-2 
33-4 
26:5 


19-6 
5 12:6 


CR ATUL 0A. cCNSNeNIOEON FOOD GNCO\ See), Td MAamMmmAmM DaDDBDDBDDMD OOOO O OOO OO > 


Date 


Aug. 


Sept. 


Oct. 


GEOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 


Astrometric J2000-0 
R.A. 


Dec. 


mie DOR 7 (OOS SR Sita itn tn GN ION ONGON Gy, CON Io 


Nn MAPPPW WNNKK DTC CrFe 


WWW st 
NN OOS 
i WM 
REGS 


28 04 


17 54 
45 05 


12 38 
40 29 
08 36 
36 53 
05 15 


33 38 
01 57 
30 08 
58 06 
25 46 


53 05 
19 58 


PALLAS, 1998 


True 
Dist- 
ance 


2-904 
2-872 
2-840 
2-809 
2-778 


2-747 
2-716 
2-686 
2-656 
2-626 


2:596 
2-568 
2539) 
2511 
2-483 


2-457 
2-430 
2-405 
2:380 
2395 


D392 
2-309 
2-287 
2-266 
2-246 


2221 
2-209 
2-192 
2-176 
2-161 


2-148 
ASS Ss 
2-124 
APPIN) 
2-104 


2-097 
2-090 
2-085 
2-081 
2-078 


2-077 
2-076 
2-078 
2-080 
2-084 


2-089 
2-095 


Ephem- 
eris 
Transit 


Io Ne I NNNYNNNY NNWWwW WWWWwWwW FH HHH HHPHUNUNST 


SSS Osea 


m 
12-6 
05-5 
58-4 
Sled, 
44-0 


36-7 
29-3 


Date 


31 
33 


Astrometric J2000-0 
Dec. 


R.A. 


Second Transit: September 15‘ 23" 5579 


© '\0 COMO WAANANAHD ADA 


| 
aa 
Sey = Ne) 


11 
11 


, ” 


19 58 
46 21 


True 
Dist- 
ance 


2-095 
2-102 
2-110 
2-120 
2-130 


2-142 
2-155 
2-169 
2-183 
2-199 


2245 
2-233 
2-251 
2-270 
2-289 


2-309 
2-330 
2:351 
DiS) 
2-396 


2-419 
2-442 
2-465 
2-489 
2-514 


2:538 
2-563 
2-588 
2-613 
2-638 


2-663 
2-688 
2713 
27139 
2:764 


2-789 
2-814 
2-839 
2-864 
2-888 


2-913 
2-937 
2-961 
2-984 
3-008 


3-031 
3-053 


G5 


Ephem- 
eris 
Transit 


h m 


22, 367 
2p), PUPS) 
22 18-4 
22 09:3 
22 00-3 


21 51-4 
21 42-5 
PA SBPI 
21 25-0 
PAL AGES) 


ZAROTES 
20 59:3 
20 50-9 
20 42-6 
20 34-4 


20 26-2 
20 18-2 
20 10-2 
20 02-3 


G6 JUNO, 1998 
GEOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 


Astrometric J2000-0 de Epbem- Astrometric J2000-0 Hg Rphem- 

Date Dist- eris Date Dist- eris 
R.A. Dec. ; R.A. Dec. ; 

ance ‘Transit ance Transit 

h m S oO. Ly meee’ h m h m s o oF he h m 
Jan. —1 12 13 24-55 — 3 2857 2-410 5 38-6 Apr. 1 11 49 38-6 + 50821 1-925 23 08-5 
1 12 14 43-9 3531849, §2-387 53251 3 11 48 13-5 § 24 24 1-937 22 59-2 
3 W2miS 58-7 3934503) $2:365 | 5125-5 5 11 46 51-5 5 39°52 1-951 22 50-0 
5 12 17 08-6 S7S59s8 €2°343 BS el8s/ 7 11 45 33-0 5 54 42 1-965 22 40-9 
7 w26ts813=7) 3036533) &2-320 865°12-0 9 11 44 18-2 6 08 53 1-981 22 31-8 
9 12 19 13-7 — 3 36 49 2-298 5 05-1 11 11 43 07-4 + 6 22 23 1-997 22 22-8 
11 12 20 08-7 3 36 23 2-276 4 58-1 13 11 42 00-9 6f35a12. 2-015 $22:718:9 
13 12 20 58-4 Ses5016 02-254 gr4 51-1 15 11 40 58-7 6 47 16 2-033 22 05-0 
15 12 21 42-9 3 33 25 2-233 4 43-9 17 11 40 01-0 6 58°3F% %2:053 921.56-2 
17 O22 21-9 3530051 02211 9436-7 19 11 39 08-1 709 13 2-073 21 47-5 
19 12 22 55-4 — 3 27 33 2:190 4 29-4 21 11 38 20-0 + 719 03 2-094 21 38-9 
21 712523 23-2 3923929 92-169 £9422-0 23 *11W8736-9 728 08 2-116 21 30-4 
23 2)23 45-3 318 40 2-149 4 14-5 25 11 36 58-9 7 36°27 #27189 221421-9 
25 12 24 01-6 3 13 05 2-129. 4 06-9 27 11'136.25-9 74400 2-162 21 13-5 
27 12 24 12-0 3 06 42 2-109 3 59-2 29 11 35 58-2 7 50 48 2-186 21 05-3 
29 12 24 165 — 259 33 2:090 351-4 May 1 11 35 35-7 + 75650 2-211 20 57-1 
31 12 24 15-0 2351537) 42-072 #37435 3 11 35 18-4 8 02 07 2-237 20 48-9 
Feb. 2 12 24 07:6 2 42 53 «2-054 » 3 35-5 5 11 35 06:3 8 06 41 2-263 20 40-9 
4 12 23 54-2 2)33823' 22-036 7 327-4 7 11 34 59-4 8 10 31 2-290 20 33-0 
6 12 23 35-0 2 23 06 2-019 3 19-2 9 £9994 157-5 813939 42:317 #20/25-1 
8 12 23 09-9 — 21204 2-003 3 10-9 11 11 35 00-6 + 8 16 06 2-344 20 17:3 
10 12 22 39-0 20017 1-988 3 02:5 13. 11 35 08-7 8 17 52 2-373 20 09-6 
12) 12822 02-4 1 47 46 1-973 2 54-1 B5 VL195 (21-6 8 18 59 2-401 20 02-0 
14 12 21 20-3 1 S4e32) (61-959 v5 2*45:5 17 4:85 39:3 8 19 27 2-430 19 54-5 
16 12 20 32-6 1 20 36 1:946 2 36:8 19 11 36 01-6 8 19 18 2-460 19 47-0 
18 12 19 39-7 — 10601 1-934 2 28-1 21 11 36 28-6 + 8 18 32 2-489 19 39-6 
20 12 18 41-6 O° 5047 e923 api2 19-3 23 11 37 00-0 8 1710 2-519 19 32-3 
22 M27 385 0 34 57 1:912 2 10-4 25 11 37 35-9 8 15 14 2-550 19 25-1 
24 12 16 30-7 018 33 1:903 2 01-4 27 11 38 16-1 8 12 45 2-580 19 17-9 
26 12 15 18-5 -— 001 39 1-894 1 52:3 29 11 39 00-6 8 09 43 2-611 19 10-8 
28 12 14 02:1 + 015 44 1-887 1 43-2 31 11 39 49-1 + 8 0609 2-642 19 03-8 
Mar. 2 12 12 41:9 0 33 32 «1-881 134-0 June 2 11 40 41-6 8 02 06 2-673 18 56-8 
4 12 11 18:3 051 41 1-876 1 24-7 4 11 41 38-0 7 57 33 «2-704 «+18 49-9 
6 12 09 51-7 110 08 1-871 1 15-4 6 11 42 38-1 1252181 5736 91874351 
8 12 08 22:5 1 28 50 1-869 1 06-1 8 11 43 41-8 7 4703 2-767 18 36-3 
10 12 06 51:0 + 1 47 41 1-867 0 56-7 10 11 44 49-0 + 7 41 08 2-799 18 29-6 
12 12 05 17:8 2 06 39 «1-866 0 47:3 12 11 45 59-6 7 34 49 2-831 18 22-9 
14 12 03 43-1 2 25 40 1:867 0 37-9 14 11 47 13-5 7 28 04 2-862 18 16-3 
16 12 02 07-4 244 40 1-868 0 28-4 16 11 48 30-5 7 20 57 2-894 18 09-7 
18 12 00 31-2 3 03 35 1-871 0 19-0 18 11 49 50-6 7 13:27 82:925 9181032 
20 11 58 54:9 + 3 22 20 1-875 0 09-5 20 W051 18°75 + 97-0535 62-957 wi'7 $567 
22 11 57 18:8 3 40 53. 1-881 0 00-1 22 ail 452 189°7 6 57 21 2-989 17 50-3 
24 11 55 43-6 3 59 10 1:887 23 45-9 24 11 54 08-6 6 48 48 3-020 17 43-9 
26 11 54 09-5 41706 1-895 23 36:5 26 11 55 40-2 6 939.55-73:052 3117 37-6 
28 1h 52 37-0 4 34 39 1:904 23 27-1 28 11 57 14-4 6 30 43 3-083 17 31-3 
30 11 51 06-6 + 451 45 1-914 23 17-8 30.11.58 51:1° + 6 21 14 935114 97 25-1 
Apr. 1 11 49 38-6 + 5 08 21 1:925 23 08:5 July 2 12 00 30:3 + 61127 3-145 17 18-9 


Second Transit: March 22° 23" 55™3 


Date 


July 


Aug. 


Sept. 


Oct. 


GEOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 


Astrometric J2000-0 
R.A. 


h m 


12 00 
12 02 


Ss 
30-3 
1-9 
55:7 
41-7 
29-8 


19-9 
12-0 
06-1 
01-9 
59-6 


S91 
00-2 
03-0 
07-3 
13°2 


20-5 
29-2 
32:3 
50-7 
03-3 


17-2 
323 
48-5 
05-9 
24-4 


44-0 
04-6 
26:3 
48-9 
12-4 


36-8 
02-1 
28-2 
55-1 
22°8 


51-2 
20-4 
50-3 
20-9 
523 


24-2 
56:8 
30-1 
03-8 
38-2 


13-0 
48-3 


Dec. 


PRR rPNHN NNNWW WWWA HK HHKMAN ANNDHDAD 


So oo co © 2 CoO 


WW WWNNN NPR Ke 


, 


11 
01 
51 
40 
29 


18 
07 
56 


True 
Dist- 
ance 


3-145 
3-176 
3-206 
3723). 
3-267 


3-297 
3-326 
3-356 
3-385 
3-414 


3-443 
3-471 
3-499 
3-526 
3-554 


3-580 
3-607 
3-633 
3-659 
3-684 


3-709 
SB //88) 
3-757 
3-781 
3-804 


3-826 
3-848 
3-870 
3-891 
BO 


3-931 
3-951 
3-970 
3-988 
4-006 


4-023 
4-040 
4-056 
4-072 
4-087 


4-101 
4-115 
4-128 
4-140 
4-152 


4-163 
4-174 


JUNO, 1998 


Ephem- 
eris 
Transit 


h 
17 
17 
17 


m 


Date 


Oct. 


Nov. 


Astrometric J2000-0 
R.A. 


23°95 
48-2 


Dec. 


Sow. OCOD OO COMMA M WAAAYNYAN ANNADTD DADADN UNUNUNF HL HA HW Wo 
N 
ioe) 


10 09 


—10 36 
10539) 


True 
Dist- 
ance 


4-174 
4-184 
4-193 
4-202 
4-210 


4-217 
4-224 
4-230 
4-235 
4-240 


4-244 
4-247 
4-250 
4-251 
4-253 


4-253 
4-253 
4-252 
4-251 
4-249 


4-246 
4-242 
4-238 
4-233 
4-227 


4-221 
4.214 
4-206 
4-198 
4-189 


4-179 
4-169 
4-158 
4-146 
4-134 


4-121 
4-107 
4-093 
4-078 
4-062 


4-046 
4-030 
4-012 
3-994 
3-976 


B°95i/ 
8:937/ 


G7 


Ephem- 
eris 
Transit 


h m 
13 00-2 
12 55-0 
12 49-7 
12 44-4 
12 39-2 


12; 33-9 
1228-7) 
12 23-4 
LSLS-2 
127°13°0 


12 07-8 
12 02-5 
ST <3 
HS 221 
11 46-9 


11 41-7 
11 36-5 
11) 3ie3 
12641 
11 20-9 


IME USye7/ 
11 10-4 
11 05-2 
11 00-0 
10 54-8 


10 49-6 
10 44-4 
10) 39-1 
10 33-9 
10 28-7 


10 23-4 
10 18-2 
102-9 
10 07-6 
10 02-4 


9 Sill 
51-8 
46-5 
41-1 
35-8 


30-4 
2a 
19:7 
14-3 
08-9 


03-4 
5779 


eno OoODnnowDoNo © oO oO 


G8 VESTA, 1998 
GEOCENTRIC POSITIONS FOR 0" DYNAMICAL TIME 


Astrometric J2000-0 see Ep Astrometric J2000-0 pvc Pee 

Date Dist- eris Date Dist- eris 
R.A. Dec. ; R.A. [Drees : 
ance ‘Transit ance ‘Transit 

h m s ce of Ep h m h m s 0” he Mall h m 
Jan. —1 1 21 39-4 + 035 45 2-162 18 45:0 Apr. 1 3 10 29-6 +13 56 29 3-280 14 32:3 
1 1 22 48:3 0 50 35 2-189 18 38:3 3 AIS 1a 4S k-3 14 12 33. 3-297 14 27-7 
3 rely 24 (0221 1 05) 46, 92-216 418 31-7 5 3 16 54-3 14 28 26 3-314 14 23-0 
S mie 25: 2085 P21 922244 8 18.-25-2 7 3 20 08-6 14 44 07 +3-330 14 18-4 
7 1 26 43:5 1 37 01 2-272 18 18-7 9 3 23 24-2 14 59 36 3-345 14 13-8 
9 1 28 10-8 + 15304 2-299 18 12:3 11 3 26 41-0 +15 14 51 3-360 14 09-2 
11 1 29 42-4 2 09 21 2-327 18 06-0 13 3 29 58:9 15 29 53 3-375 14 04-6 
13° le 31 18-11 2 25 53 2:354 17 59-8 15 973.83, 18-1 15 44 42 3-389 14 00-0 
TS) Bal32 S78 2 42 38 2-382 17 53-6 17 3 36 38-4 15° 59510) 93-403" BIS. 55:5 
17. 1 34 41-4 2 59 36 2-410 17 47-5 19 3 39 59-9 16 13.37 3-416 13 51-0 
19 1 36 28-7 + 3 16 44 2-437 17 41-4 21 +3 43 22-5 +16 27 43 3-429 13 46-5 
21 +1 38 19-6 3 34 03 2-465 17 35-4 23 «3 46 46-2 16 41 34 3-441 13 42-0 
23 «1 40 14-1 3) SIS2) 22492 Bal] 2925 253-50: 1t-0 16 55 10 3-453 13 37:6 
25, gH 42 12-0 409 09 2-519 17 23-6 2T nes 53: 36-8 17 08 31 3-464 13 33-1 
27 Alaa" 18-5 AY 26.55) 02°547 Gel 17-7 29 W357 03-5 17 21635" 63-475 ef3° 28:7 
29 1 4617:9 + 4 44 47 2-574 17 12:0 May 1 4 00 31:3 +17 34 24 3-485 13 24:3 
31 1 48 25-6 5 02 46 2-601 17 06-2 3 4 03 59-9 17 46 56 «3-495 13 19-9 
Feb. 2 1 50 36-4 5° 20°51 92:627 = 17 00:5 § 407 29-5 17° 59° DY 93-504" 213° 155 
4-952 50:2 5 39 00 2:654 16 54-9 7 410 59-9 18° 1109" 93-518" PIS! Tet 
6 1 55 06:7 5 57 14 2-680 16 49-3 9 4 14 31-1 18 22 50 3-522 13 06-8 
8 1 57 26-1 + 615 30 2-707 16 43-8 11 4 18 03-1 +18 34 14 3-530 13 02-4 
10 1 59 48-1 6 33 49 2-733 16 38-3 13 4 21 35-8 18 45 20 3-537 12 58-1 
12° ee 02 1257, 6 52.10 ©2:758 1116 32-9 15 4 25 09-4 18 56 07 3-544 12 53:8 
14. 2 04 39-8 7 10 32 2-784 16 27-4 17 4 28 43-6 19 06 37 «3-550 © 12 49-5 
16 2 07 09-4 7 28 55 2-809 16 22:1 19 4 32 18-6 19 16 48 3-556 12 45-2 
18 2 09 41:3 + 7 47 17 2-834 16 16-8 21 4 35 54:3 +19 26 41 3-561 12 40-9 
20 922 ISG 8 05 39 2-859 16 11-5 23 «4 39 30-6 19 36 15 3-566 12 36-6 
22) 24a 52-2 8 24 00 2-883 16 06-2 25 4 43 07-6 19 45 30 3-571 12 32-4 
24° F217 31-0 8 42 19 2-907 16 01:0 27 (04° 46" 45-2 19°54 26 3:°574 12 28-1 
26 2 20 12-0 9 00 35 2-931 15 55:8 29 4 S50 23-2 20 03 03 3-578 12 23-9 
28 42°22" 55-14) + 9 18 49 2-955 5 15:-50:7 31. 4.54 01-8 +20 11 20 3-581 12 19-7 
Mar. 2 2 25 40:3 9 36 59 2:978 15 45:5 June 2 4 57 40-9 20 19 18 3-583 12 15-4 
A 23289 27'S 9 55 05 3-001 15 40-5 45 01 20-3 20' 26°56 93*585° 412) 11-2 
6 2 31 16:5 10 13 07 +=3-023 15 35-4 6 5 05 00-2 20 34 15 3-586 12 07-0 
8 92934 07-5 10 31 03 «3-045 15 30-4 8 5 08 40-4 20 41 13 3-587 12 02:8 
10 2 37 00:2 +10 48 53 3-067 15 25-4 10 5 12 21:0 +20 47 51 3-587 11 58-6 
12 2 39 54-8 11 06 37 3-088 15 20-5 12 5 16 01-9 20 54.10 3-587 11 54-4 
14 2 42 51:0 11 24 14 ~3:109 15 15:5 14 5 19 43-0 21 00 08 3-586 11 50-2 
16 2 45 49-0 11 41 44 3-130 15 10-6 16 5 23 24-5 21 05 46 3-585 11 46-0 
18 2 48 48-6 11°59; 06 435150 e115" 05:7 18 5 27 06-1 211105 3-583 11 41:8 
20 2.51 49-8 +12 16 20 3-170 15 00-9 20 5 30 48-0 +21 16 03 3-581 11 37-6 
22' 2 54 52°6 12 33 26 3-189 14 56-1 2277534 °30°1 21 20 40 3-578 11 33-5 
24° 912,57 57-0 12° 50° 22 493-208 ela 5153 24-5938 12-2 21 24 58 3-575 11 29-3 
26 3 01 03-0 13 07 09 3-227 14 46-5 26 85 41 54-5 21 28-58 neB°372 gall 25-1 
28 3 04 10-4 13 23 46 3-245 14 41:8 28 5 45 36-7 21 32.33 88°567 411" 20:9 
30 «63:07 19-3 +13 40 13 3-263 14 37-0 30 5 49 19:0 +21 35 50 3-563 11 16-8 
Apr.» 1° 3°10 29:6 +13 56 29 =:3:280) 214 32-3 «July: 2.95953 01:2) +21 38 47 ©3-557 «11 12-6 


Date 


July 


Aug. 


Sept. 2 


Oct. 2 


Astrometric J2000-0 


R.A. Dec. 
h m s oe. My 
OS OLED Dies 8r47, 
5 56 43-3 21 41 24 
6 00 25-3 21 43 41 
6 04 07-1 21 45 38 
6 07 48-7 21 47 16 
CeO te 48634 
6p15 21163 21 49 32 
6 18 52-3 21, 50811 
6 22 32:9 21 50 31 
6 26 13-2 21 50 33 
(PAD si) © SSA S10) TS} 
6 33 32:5 21 49 39 
6 37 11-4 21 48 44 
6 40 49-8 21 47 32 
6 44 27-6 21 46 02 
6 48 04-8 +21 44 14 
6 51 41:3 21 42 09 
600 728 12173946 
6°58 52:3 21 37 08 
7.02°26°6- 92153412 
7 06 00-2 +21 31 Ol 
DINU SO eee sy! 
7 13 04-9 Ep) 
7 16 36-0 PAV ASS 
7 20 06-0 21 15 44 
IL 2) Spey ae 7ik ita ike) 
Tad] OSM 21 06 39 
7 30 30-0 21 01 47 
7 33 55:8 20 56 42 
7 37 20-4 20) 31025 
7 40 43-7 +20 45 57 
7 44 05-7 20 40 17 
7 47 26-5 20 34 27 
7 50 45:8 20 28 26 
7 54 03-8 20 22 16 
7 57 20-4 +20 15 57 
8 00 35:6 20 09 30 
8 03 49-2 20 02 55 
8 07 01-2 19 56 13 
8 10 11-6 19 49 25 
8 13 20-2 +19 42 31 
8 16 27-1 19 35 32 
8) 19"32-2 19 28 29 
8227355 19¥21 23 
8925536: 19 14 14 
8 28 35:7 +19 07 03 
83153259" Fis" 59.5) 


True 
Dist- 
ance 


35)5)// 
shspy 
3-545 
3-539) 
37531 


3-524 
3-516 
3-507 
3-498 
3-488 


3-478 
3-468 
3-457 
3-445 
3-433 


3-421 
3-408 
3-394 
3-381 
3-366 


Spebys 
B55) 
S232 
3-305 
3-288 


3272 
3-254 
3-236 
3-218 
3-200 


3-181 
3-161 
3-142 
3-122 
3-101 


3-080 
3-059 
3-037 
3-015 
2995 


2-970 
2-947 
2-924 
2-901 
2-877 


2°852 
2-828 


VESTA, 1998 
GEOCENTRIC POSITIONS FOR 0° DYNAMICAL TIME 


Ephem- 
eris 
Transit 


h 
11 
11 
11 
iy 
10 


10 
10 
10 
10 
10 


SNIrXYNY YNYNWDWDWDO WADA D DDABDADO OWOWOOMO OOOO O 0 


m 
12-6 
08-4 
04-2 
00-1 
ay) 


51:7 
47-5 
43-3 
391 
34-9 


30-7 
26-4 
22-2 
18-0 
13-7 


09-5 
05-2 
00-9 
56-6 
3233 


48-0 
43-6 
39-3 
34-9 
30-6 


26-2 
21-7 
17-3 
PD) 
08-4 


03-9 
59-4 
54-8 
50-3 
45-7 


41-1 
36-5 
31-8 
Pulp 
22-4 


WT 
12:9 
08-1 
03-3 
58-4 


5355 
48-6 


Date 


Oct. 


Nov. 


Dec. 


Astrometric J2000-0 


R.A. Dec. 
h m s One an i, 
8 31 32:9 +18 59 51 
8 34 27-9 18 52 39 
8 37 20-8 18 45 27 
8 40 11-4 18 38 17 
8 42 59-8 18 31 09 
8 45 45-8 +18 24 04 
8 48 29-4 18 17 03 
8 51 10-4 18 10 08 
8 53 48-8 18 03 19 
8 56 24-4 17 56 37 
8 58 57:2 +17 50 03 
9 01 27-1 17 43 39 
9 03 54-0 RSW 25 
9 06 17-7 iN SMB} 
9 08 38:3 17 25 34 
9 10 55:5 +17 19 58 
9 13 09-4 17 14 37 
9 15 19-8 17 09 33 
9 17. 26:7 17 04 45 
9 19 29-8 17 00 16 
9 21 29:0 +16 56 08 
9 23 24-2 16 52 20 
9 25 15:3 16 48 55 
9 27 02:1 16 45 54 
9 28 44-4 16 43 19 
9 30 22:1 +16 41 10 
Osher | 16 39 28 
9933) 23-2 16 38 17 
9 34 46-2 16537035 
9 36 04-0 fey Sif Ps) 
9 37 16:6 +16 37 48 
9 38 23-6 16 38 46 
9 39 25-1 16 40 18 
9 40 20-8 16 42 27 
9 41 10-4 16 45 13 
9 41 54:0 +16 48 38 
9 42 31-1 16 52 43 
9 43 01:8 16 57 28 
9 43 25-9 17 02 54 
9 43 43-1 17 09 02 
OF48053°4ee Led ot 
9 43 56-7 E25" 28) 
9 43 52-8 WSS oy, 
9 43 41-8 17 40 32 
9 43 23-6 17 50 09 
9 42 58-2 +18 00 25 
OA sre eile Aldi 22) 


True 
Dist- 
ance 


2-828 
2-803 
2-778 
ISS) 
297127. 


2-701 
2-675 
2-649 
2-623 
2-596 


2-569 
2-542 
iM) 
2-488 
2-460 


2-433 
2-405 
2-378 
2-350 
2:322 


DPBS) 
2-267 
2239) 
2-212 
2-184 


2-156 
22129 
2-102 
2-075 
2:048 


2-021 
1-995 
1-968 
1-942 
1-917, 


1-892 
1-867 
1-842 
1-818 
1795 


1-772 
1-749 
APA 
1-706 
1-686 


1-666 
1-647 


G9 


Ephem- 
eris 
Transit 


m 
48-6 
43-6 
38-6 
33-6 
28:5 


23-4 
18-3 
16-1 
07-8 
02-5 


SEZ 
51:8 
46-4 
40-9 
35-4 


29-8 
24-1 
18-4 
12:6 
06-8 


00-9 
55-0 
48-9 
42-8 
36-7 


30-4 
24-1 
sy) 
11-2 
04-6 


57-9 
ay ley 
44-3 
37-4 
30-3 


SID 
oe) 
08-5 
01-1 
IRS 


45-8 
38-0 
30-0 
22-0 
13-8 


05-5 
57-1 


NW WwWwWwHwWHW WHE H HH &= bp SESH Choy orn COMO Giro. SONG Oyen OvW SON CN GN ION OYS Si) I) 


G10 


Name 


Ceres 
Pallas 
Juno 
Astraea 
Hebe 


Iris 
Egeria 
Irene 
Eunomia 
Psyche 


Melpomene 
Massalia 
Lutetia 
Kalliope 
Themis 


Phocaea 
Bellona 
Amphitrite 
Urania 
Euphrosyne 


Pomona 
circe 
Atalante 
Isis 
Ariadne 


Nysa 
Eugenia 
Hestia 
Aglaja 
Nemausa 


Europa 
Melete 
Mnemosyne 
Concordia 
Ausonia 


Angelina 
Cybele 
Maja 
Asia 
Panopaea 


Niobe 
Feronia 
Beatrix 
Klio 

Io 


Thisbe 
Aegina 
Minerva 
Arethusa 
Dione 


106 


Magnitude 
Parameters 


H 


3:34 
4:13 
5:33 
6°85 
SA! 


Sr 
6:74 
6:30 
5:28 
5:90 


6°51 
6°50 
1785) 
6-45 
7-08 


7:83 
7-09 
5:85 
757 
6:74 


7:56 
8-51 
8-46 
USS 
Wes) 


7:03 
7:46 
8:36 
7:84 
7:35 


631 
8:31 
7-03 
8:86 
mS55 


7-67 
6-62 
9-36 
8-28 
811 


7:30 
8:94 
8:66 
9-32 
7-61 


7:04 
8-84 
7-10 
7-84 
741 


G 


0-12 
0-11 
0:32 
0-15 
0-24 


0-15 
0-15 
0-15 
0:23 
0-20 


0:25 
0:25 
0-11 
0-21 
0-19 


0-15 
0-15 
0:20 
0-15 
0-15 


0-15 
0-15 
0-15 
0-15 
O11 


0:46 
0:07 
0-06 
0:16 
0-08 


0-18 
0-15 
0-15 
0-15 
0-25 


0-48 
0-01 
0-15 
0-15 
0:14 


0-40 
0-15 
0-15 
0-15 
0:15 


0:14 
0-15 
0-15 
0-15 
0-15 


MINOR PLANETS, 1998 


OPPOSITION DATES, MAGNITUDES AND OSCULATING ELEMENTS 
FOR EPOCH 1998 JULY 6:0 TDT, ECLIPTIC AND EQUINOX J2000-0 


Opposition 


Date 


Nov. 29 
Sept. 16 
Mar. 20 
Nov. 26 
June 6 


July 10 
Aug. 3 
Oct. 4 
Nov. 5 
May 9 


June 14 
Oct. 25 
Jan. 12 
Mar. 27 
May 13 


Apr. 24 
May 12 
Aug. 2 
Feb. 8 
June 27 


Apr. 30 
Oct. 30 
Feb. 21 
Nov. 28 
July 20 


Oct. 17 
Deca & 
Nov. 10 
June 11 
Nov. 8 


IDeGaLL 
Feb, 12 
July 2 
May 16 
Feb. 12 


June 19 
Dec. 18 
Jan. 3 
Dec. 30 
Dec. 26 


Aug. 9 
June 20 
May 30 
Feb. 23 
Apr. 28 


Feb.) 8 
May 31 
Feb. 26 
Feb. 11 
Oct. 25 


Mag. 


ql 
8-3 
oF 
9-8 
9-4 


8-7 
10-9 
10-6 

79 
10-4 


9-7 
8-9 
11-0 
10-8 
11-3 


10-5 
11-0 

9-3 
10-4 
12-6 


10-3 
12:3 
12:2 
10-6 

ohss) 


9:8 
11-6 
10-9 
11-4 
10-7 


10-3 
12:8 
i{a| 
12-4 
10:9 


Ales) 
12:0 
1222. 
12-2 
12-4 


10-8 
11-0 
11-4 
13-4 
11:2 


11-6 
12:7 
NNEsf 
12:6 
10-7 


Dia- 
meter 


km 
1003 
608 
247 
117 
201 


209 
224 
158 
272 
250 


150 
131 
115 
177 
234 


72 
126 
195 

91 
370 


93 
111 
118 
eM) 
85 


82 
226 
133 
158 
151 


289 
146 
109 
110 

91 


56 
309 
85 
58 
151 


115 
96 
123 
90 
147 


210 
104 
168 
230 
139 


Inclin- 
ation 


Long. Argument 


of Asc. 
Node 


Q 

° 
80-502 
173-212 
170-182 
141-710 
138-889 


259-917 
43-373 
86-666 

293-535 

150-467 


150-591 
206-616 
80-957 
66-327 
36-082 


214-313 
144-608 
356-590 
308-010 

31-293 


220-645 
184-558 
358-542 

84-584 
265-110 


131-641 
147-976 
181-233 

3-434 
176-212 


129-048 
193-793 
199-431 
161-486 
338-160 


309-738 
155-836 
7-761 
202-925 
47-972 


316-433 
208-222 

27-855 
327-825 
203-492 


276-916 
10-967 
4-572 
243-457 
62-432 


of Peri- 


Mean 


Daily 


helion Distance Motion 


o 
137199 
309-853 
247-976 
357-571 
239-092 


145-188 
80-510 
95-752 
96-869 

229-014 


227-793 
255-279 
249-988 
357-172 
109-334 


90-472 
343-009 
62-879 
86-403 
62-541 


338-062 
330-049 
47-225 
236:056 
15-937 


342-216 
86-811 
176-031 
oulbyepy 
3-097 


342-128 
102-870 
214-973 

30-521 
294-910 


179-011 
106-742 

43-925 
105-527 
255-408 


266:279 
102-671 
166-024 

14-658 
122-873 


35-002 
73-123 
273-403 
154-190 
329-477 


a 


2:7662 
2:7764 
2-6693 
25159 
2-4245 


2:3851 
ZT) 
2:5898 
26444 
2-9209 


2-2951 
2-4103 
2-4362 
29101 
3-1276 


2-4001 
2-771 
2-5542 
2-3661 
3-1445 


2-5859 
2-6876 
2:7496 
2-4407 
2-2032 


2-4251 
2:7195 
2-5255 
2:8799 
2:3664 


3-0978 
2:5983 
3-1461 
2:6989 
2:3961 


2-6804 
3-4319 
2:6465 
2:4201 
2-6135 


2-7557 
2:2659 
2:4313 
2:3625 
2:6541 


2:7696 
2:5893 
271550 
3-0722 
3:1685 


n 
° 
0-21423 
0-21305 
0-22600 
0:23868 
0-26108 


0-26757 
0-23846 
0-23649 
0-22920 
0-19744 


0:28347 
0-26339 
0:25920 
0-19853 
0-17819 


0:26506 
0-21297 
0:24145 
0-27080 
0-17676 


0-23701 
0-22369 
021618 
0-25848 
0-30138 


0-26098 
0:21977 
0:24558 
0-20167 
0:27076 


0-18077 
0-23533 
0-17662 
0-22230 
0-26574 


0-22460 
0-15502 
0:22893 
0:26179 
0:23327 


0:21546 
0:28897 
0-25999 
0:27142 
0:22795 


0-21384 
0:23655 
0-21552 
0-18303 
0-17475 


Eccen- 
tricity 


Mean 
Anomaly 


M 

° 
249-600 
237-363 
117-249 
269-745 
263-808 


267:629 
176-440 
165-630 
342-360 
228-130 


273-821 
275-668 
173-437 
126-081 

81-419 


317-709 

96-130 
250-375 
131-025 
186-871 


33-562 
226-345 
96-058 
41-434 
TTT 


258-620 
170-453 

5-028 
318-594 
196-634 


304-396 
258-300 
239-116 

50-375 
280-027 


132-725 
158-783 
78-877 
91-963 
99-286 


66-933 
331-259 
ayfhsts) 
204-193 
287-785 


224-076 
170-926 
280-289 
119-682 
339-852 


Name 


Camilla 
Kassandra 
Thyra 
Sirona 
Lachesis 


Brunhild 
Vala 
Juewa 
Siwa 
Lumen 


Adeona 
Lucina 
Aemilia 
Baucis 
Elsa 


Celuta 
Nausikaa 
Prokne 
Isolda 
Thusnelda 


Oceana 
Athamantis 
Hypatia 
Germania 
Eukrate 


Libussa 
Anahita 
Polyxo 
Chaldaea 
Bamberga 


Tamara 
Tercidina 
Eleonora 
Carlova 
Corduba 


Myrrha 
Siegena 
Aquitania 
Lampetia 
Vienna 


Chloris 
Vaticana 
Eros 
Hungaria 
Bathilde 


Gyptis 
Patientia 
Bruchsalia 
Papagena 
Iva 


Magnitude 
Parameters 


H 


G 


0-08 
0-15 
0-12 
0-15 
0-15 


0-15 
0-15 
0-15 
0-15 
0-15 


0-15 
0-11 
0-15 
0-15 
0-15 


0-15 
0-03 
0-15 
0-12 
0-15 


0-15 
0-27 
0-15 
0-15 
0-15 


0-15 
0-15 
0:21 
0-15 
0-09 


0-15 
0-10 
0:37 
0-15 
0-15 


0-15 
0:16 
0-15 
0-15 
0-15 


0-15 
0:20 
0-46 
0-15 
0-15 


0-22 
0-19 
0-15 
0:37 
0-11 


MINOR PLANETS, 1998 


OPPOSITION DATES, MAGNITUDES AND OSCULATING ELEMENTS 
FOR EPOCH 1998 JULY 6-0 TDT, ECLIPTIC AND EQUINOX J2000-0 


Opposition 
Date Mag. 


Oct. 14 
Aug. 14 
Mar. 6 
Mar. 17 
Feb. 3 


Jan. 9 
May 6 
July 10 
Jan. 12 
May 2 


Aug. 6 
Decr22 
Apr. 21 
Feb. 8 
Jan. 21 


Apr. 25 
Feb. 17 
May 13 
Mar. 29 
Mar. 21 


Mar. 17 
Jan. 27 
Aug. 26 
Jan. 6 
Feb. 9 


Sept. 4 
Nov. 18 
Nov. 17 
Dec. 24 
Mar. 20 


Apr. 26 
Sept. 8 
Aug. 24 
May 17 
Aug. 10 


Mar. 31 
Apr. 11 
Jan. 27 
Jan. 16 
Jan. 16 


| DY emma 
Mar. 4 
May 3 
June 25 
Jan. 1 


Dec. 20 
Apr. 19 
Reba, 
Apr. 10 
Sept. 8 


12-1 
12-6 
11-1 
10-8 
121 


11:8 
12:8 
12:0 
13-0 
12:9 


12-6 
12:2 
12-5 
12-2 
11-4 


12:2 
10-7 
11-4 
12:3 
13-2 


12:2 
10:5 
12:0 
12:1 
11-6 


11-9 
10:9 
11-9 
m3 
12:0 


11:5, 
11:7 
10-8 
13-71 
13-0 


12:8 
12-4 
11-9 
13-9 
13-3 


13-0 
11-8 
2 
13-6 
11-9 


11-7 
11-4 
13-6 
11-8 
11-9 


Dia- 
meter 


km 
211 
136 
93 
80 
173 


47 
35 
163 
103 
133 


195 
141 
140 
67 
39 


49 
94 
191 
166 
39 


71 
121 
154 
200 
142 


63 
51 
138 
160 
246 


80 
99 
153 
130 
99 


126 
191 
112 
129 

50 


134 
76 
23 
11 
66 


165 
276 
105 
143 

31 


Inclin- 
ation 


i 
10-048 
4-94] 
11-596 
3-573 
6-956 


6-427 
4-955 
10-940 
3-189 
11-885 


12-619 
13-079 
6-123 
10-034 
2-003 


13-179 
6:824 
18-501 
3-883 
10-842 


5-842 
9-435 
12-407 
5:517 
24-977 


10-430 
2:366 
4-362 

11-642 

11-100 


23-720 

9-741 
18-423 
11-704 
12-805 


12:524 
20-240 
18-073 
14-875 
12-831 


10-928 
12-922 
10-831 
22-506 

8-145 


10-270 
15-231 
12-032 
14-984 

4-841 


Long. Argument 


of Asc. 
Node 


Q 

eo} 
173-189 
164-490 
309-192 
64-083 
341-594 


308-017 
65-830 
2:210 
107-384 
318-858 


77-658 
84-280 
134-387 
332-248 
107-310 


14-914 
343-533 
159-611 
263-866 
201-000 


353-249 
240-014 
184-239 
271-104 

0-296 


49-859 
254-701 
181-952 
176-865 
328-124 


32-379 
212-877 
140-707 
132-735 
185-541 


125.498 
167-052 
128-530 
213-368 
228-434 


97-293 
58-450 
304-431 
175-446 
253-985 


195-922 
89-470 
76-771 
84-140 

6:825 


of Peri- 


Mean 


Daily 


helion Distance Motion 


o 
° 
306-140 
3515792 

96-357 
93-690 
234-621 


125-503 
157-808 
165-564 
195-681 

57:948 


44-450 
145-139 
337-315 
359-301 
309-858 


315-345 

29-826 
163-376 
175-478 
142-255 


280-392 
139-649 
208-070 
74-614 
55-163 


339-556 
80-000 
112-987 
315-839 
44-170 


238586 
229-341 

5-238 
289-271 
215-145 


134-807 
220-572 
156-121 

89-309 
139-231 


172-436 
196-893 
178-623 
123-971 
202-453 


154-032 
342-864 
272-140 
314-837 

2-764 


a 


3-4862 
2:6765 
2:3804 
2:7687 
3-1162 


2-6953 
2-4316 
2:7788 
21322) 
2:6652 


2:6722 
2:7176 
3:1010 
2:3804 
2-4172 


2:3615 
2-4034 
2-6172 
3-0432 
2:3542 


2-6453 
2:3828 
2:9077 
3-0516 
2:7424 


2:7986 
2:1986 
2:7493 
23759 
2-6853 


2:3179 
2:3261 
2-7995, 
2:9985 
2-8022 


3:2154 
2:8967 
2:7396 
PTI 
2-6370 


2:7265 
2:7883 
1-4582 
1-9441 
2:8066 


2:7690 
3-0613 
2-6589 
2:8885 
2-8505 


n 
0-15142 
0:22509 
0:26837 
0:21393 
0-17917 


0:22274 
0:25993 
0:21277 
0-21823 
0-22653 


0-22563 
0-22000 
0-18049 
0:26836 
0:26226 


0:27159 
0-26453 
0:23279 
0-18566 
0-27287 


0:22909 
026796 
0-19878 
0-18489 
0-21702 


0-21052 
0-30234 
0:21620 
0-26912 
0-22399 


0-27930 
0:27781 
0-21042 
0-18983 
0-21011 


9-17094 
0-19991 
0-21736 
0-21290 
0-23016 


0-21893 
0-21169 
0:55975 
0:36360 
0:20962 


0-21390 
0-18401 
0-22733 
0-20077 
0-20480 


Eccen- 
tricity 
e 


0-0800 
0:1387 
0-1916 
0-1395 
0-0630 


0-1205 
0-0667 
0-1765 
0-2165 
0:2153 


0:1458 
0-0659 
0-1105 
0-1137 
0-1853 


0-1505 
0:2469 
0:2359 
0-1602 
0:2241 


0:0445 
0-0607 
0-0916 
0:0977 
0-2431 


0-1376 
0-1508 
0-0397 
0:1792 
0-3375 


0-1891 
0:0615 
0:1144 
0-1814 
0:1576 


0:1024 
0-1712 
0-2372 
0-3318 
0:2443 


0:2381 
0-2204 
0:2230 
0-0736 
0-0812 


0-1762 
0-0748 
0:2910 
0-2319 
0-3021 


Gill 


Mean 
Anomaly 


M 
° 
254-277 
152-515 
136-952 
36610 
311-948 


67-010 
17-112 
98-680 
201-890 
238-025 


184-947 
188-851 
98-623 
203-271 
89-252 


283-367 
147-821 
305-439 
111-178 
237-490 


293-265 
146-622 
300-734 
143-724 

82:373 


306:874 
23-847 
86-132 

285-736 

186-263 


342-178 
255-097 
174-853 
176-725 
289-131 


313-711 
185-036 
250-536 
209-691 
122-902 


122-178 
314-155 
112-953 
341-452 

43-459 


42-628 
138-508 
158-884 
159-579 
334-038 


G12 


FOR EPOCH 1998 JULY 6:0 TDT, ECLIPTIC AND EQUINOX J2000-0 


Name 


Davida 
Ambherstia 
Herculina 
Senta 
Peraga 


Suleika 
Semiramis 
Scheila 
Marianna 
Patroclus 


Hektor 
Crescentia 
Rachele 
Pax 

Ekard 


Interamnia 
Arequipa 
Winchester 
Montefiore 
Zwetana 


Pretoria 
Hispania 
Benkoela 
Alinda 
Belgica 


Aneas 
Anchises 
Irmela 
Alikoski 


No. 


511 
516 
532 
550 
554 


563 
584 
596 
602 
617 


624 
660 
674 
679 
694 


704 
737 
747 
782 
785 


790 
804 
863 
887 
1052 


1172 
1173 
1178 
1567 


Magnitude 
Parameters 
H G 
6:22 0:16 
8:27 0-15 
5-81 0:26 
9:37 0-15 
8:97 0-15 
8:50 0-15 
8-71 0:24 
8:90 0-15 
8-31 0-15 
8-19 0-15 
7-49 0-15 
9:14 §=0-15 
7-42 0-15 
9:02 0-15 
9:17 0-15 
5:94 —0-02 
8-81 0-15 
7-69 0-15 
15078 O15 
9-45 O15 
8-00 0-15 
7:84 0-18 
9-02 0-15 
13:76 —0-12 
11:97 0-15 
8-33 0-15 
8-89 0-15 
11-81 0-15 
9-47 0-15 


MINOR PLANETS, 1998 
OPPOSITION DATES, MAGNITUDES AND OSCULATING ELEMENTS 


Opposition 
Date Mag. 


Mar. 16 
Feb. 19 
Oct. 4 
Mar. 4 
July 11 


Feb. 18 
Mar. 7 
Oct. 4 
Feb. 7 
June i9 


Dec. 12 
June 29 
Oct. 26 
June 4 
Jan. 18 


Feb. 8 
Mar. 19 
June 12 
May 25 


‘Oct es2 


Dec. 27 
Sept. 10 
Apr. 13 
May 13 
July 26 


July 17 
June 30 
Aug. 1 
Mar. 3 


10-7 
11-0 
10-7 
13-9 
12:3 


11-9 
13-0 
13:5 
13-0 
15-1 


14-6 
12:2 
11:0 
13-5 
14-0 


10-9 
12:9 
13-2) 
13-9 
13-9 


13-6 
10-9 
13-9 
LS 
143 


14:8 
L523 
16-1 
13:9 


Dia- 
meter 


Inclin- 
ation 


i 
15-938 
12-955 
16-304 
10-097 

2-942 


10-248 
10-715 
14-625 
15-140 
22-050 


18-212 
15-233 
13-492 
24-373 
15-838 


17-321 
12-363 
18-180 

5:261 
12-699 


20-551 
15-389 
25-408 
9-303 
4-696 


16-704 
6-906 
6-965 

17-276 


Long. Argument 


of Asc. 
Node 


Q 
107-788 
329-385 
107-911 
270:903 
295-744 


85-508 
282-491 
70:916 
331-984 
44-414 


342-780 
157-304 

58-332 
112-587 
230-782 


280-690 
185-107 
130-253 
80-614 
72-406 


252-212 
347-935 
117-156 
110-717 

99-748 


247-484 
283-947 
170-417 

51-770 


of Peri- 


Mean 


Daily 


helion Distance Motion 


(03) 

° 
338-899 
257-385 

75-898 
44-731 
127-322 


336-830 
84-553 
176-665 
44-005 
306-947 


180-884 
104-898 

41-529 
266-336 
110-352 


94-313 
133-926 
275-692 

80-642 
129-472 


41-167 
343-665, 
95-939 
350-055 
297-437 


47-887 
39-254 
356:831 
116-185 


a 


3-1715 
2-6765 
2:7775 
2:5915 
PERM SI 


2-7132 
2:3741 
2:9353 
3:0974 
5-2289 


5-2047 
2:5336 
2:9284 
2°5851 
2:6724 


3-0646 
2:5934 
2-9907 
2:1794 
2:5746 


3-4071 
2-8392 
3-1991 
2-4855 
2:2358 


5-1747 
5-3253 
2:6767 
3:2126 


n 

0-17451 
0:22508 
0-21292 
0-23626 
0-26950 


0-22053 
0-26944 
0-19599 
0:18081 
0-08243 


0-08301 
0:24440 
0-19668 
0:23713 
0:22561 


0-18372 
0:23599 
0-19057 
0:30633 
0:23858 


0-15672 
0-20602 
0-17225 
0-25153 
0:29482 


0-08373 
0-08020 
0:22506 
0-17117 


Eccen- 
tricity 
e 


0-1825 
0:2770 
0-1753 
0:2180 
0-1541 


0-2353 
0:2340 
0-1606 
0-2388 
0-1392 


0-0224 
0-1042 
0-1904 
0-3128 
0-3218 


0-1460 
0:2406 
0:3454 
0-0393 
0:2076 


0-1512 
0-1417 
0-0415 
0:5627 
0-1439 


0-1042 
0-1370 
0-1868 
0-0852 


Mean 
Ancmaly 


M 
83-006 
343-840 
161-428 
257-206 
237-940 


88-690 
187-928 
82-144 
122-299 
295-971 


266-810 

13-681 
287-389 
269-566 
151-144 


142-765 
266-083 
244-161 

90-937 
131-430 


131-498 
358-422 
356-692 

77-419 
276-420 


1:211 
325-767 
122-361 

10-263 


STARS AND STELLAR SYSTEMS, 1998 Hl 


CONTENTS OF SECTION H 
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Except for the tables of radio sources and pulsars, positions tabulated in Section H are 
referred to the mean equator and equinox of J1998.5 = 1998 July 2.625 = JD 245 0997.125. 
Positions of radio sources are referred to J2000.0 = JD 245 1545.0. 


Notice of Corrigenda: 


Supplement to the Astronomical Almanac for the Year 1997 
Replacement Pages for 
H2-H31, Bright Stars, J1997.5 
H56-58, Globular Clusters, J1997.5 


May be purchased from The Superintendent of Documents (see p. il). 
Stock Number 008-054-00171-8, price (U.S.) $3.50 
The data are also available on the World Wide Web at URL http://aa.usno.navy.mil/aa 


H2 BRIGHT STARS, J1998.5 


Flamsteed/Bayer 


Spectral Type 
Designation 


6 Oct | 9084 _77 04 26 K2 III 
30 YY Psc | 9089 : — 601 21 M3 III 
2 Cet | 9098 0 03 39.8 | —17 20 40 B9 IV 
SORES Camnsc 3 005 15.5 | — 5 42 58 KO III-IV 
21 a@ And 15 0 08 18.6 | +29 04 56 B9p Hg Mn 
We eh. Cre 21 0 09 05.9 | +59 08 29 F2 III 
€ Phe 25 0 09 20.1 | —45 45 21 KO III 
22 And 27 010 14.6 | +46 03 50 FO II 
@ ¥Sel 35 0 11 39.5 | —35 08 29 F3/5 V 
88 y #£zPeg 39 013 09.5 | +15 10 31 B2 IV 
89 yy Peg 45 0 14 31.5 | +20 11 54 M2? III 
7 AE Cet 48 0 14 33.9 | —18 56 28 M1 III 
250 oO aeAnd 68 018 14.9 | +36 46 37 A2 Va 
8 L Cet 74 019 21.1 | — 8 49 56 K1 IIIb 
© | Miire aa 0 1959.6 | —64 53 01 F9 V 
41 Psc 80 0 20 31.2 | + 81055 Ke Iih.Cag GN 0:5 
27 p And 82 ORO 235 | EES ote F6 IV 
R And 90 0 23 57.2 | +38 34 08 $5/4.5e 
B CHyi 98 0 25 40.4 | —77 15 46 G1IV 
Ke ae 100 0 26 07.8 | —43 41 17 Ad Vn | 
a Phe 99 0 26 12.6 | —42 18 51 | fd67 2.39 | +0.88 | +1.09 | KO IIIb | 
118 0 30 18.2 | —23 47 46 | f6 5.19 +0.12 | A5 Vn | 
Al Phe 125 0 31 20.7 | —48 48 42 | fd6é 4.77 | +0.04 | +0.02 | Al Va ) 
ge line 126 0 31 28.7 | —62 5759 | d6 4.37 | —0.17 | —0.07 | B9 V | 
15 «& Pe@as 130 0 32 54.8 | +6255 25 | fsv6 4.16 | —0.80 | +0.14 | BO.7 Ia 
29 « ° And 154 0 36 48.0 | +33 42 40 | fvd6 4.36 | —0.55 | —0.14 | B5 V 
iC CaS 153 0 36 53.2 | +5353 19 | fv6 3.66 | —0.87 | —0.20 | B2IV 
157 0 37 16:3.4|" -£35°23:29 | 5 5.48 | +0.48 | +0.88 | G2 Ib-II 
30 € And 163 0 38 28.6 | +2918 13 | f 4.37 | +0.47 | +0.87 | G6 III Fe-3 CH 1 
31 6 And 165 0 39 14.9 | +3051 10 | fsd6 3.27 | +1.48 | +1.28 | K3 III 
18 a: W'Gas 168 0 40 25.3 | +56 31 45 | fvd 2,23) EIS" BIT, |KO ria: 
jp ~ Phe 180 0 41 15.3 | —46 05 36 | f 4.59 | +0.72 | +0.97 | G8 III 
n Phe 191 0 43 17.2 | —57 2817 | fd 4.36 | —0.02 0.00 | AO.5 IV 
16 6B Cet 188 0 43 30.9 | —17 59 41 | fv 2.04 | +0.87 | +1.02 | G9 III CH-1 CN 0.5 Cal 
Do On Oas 193 0 44 38.5 | +48 16 34 | fvd6 4.54 | —0.51 | —0.07 | Bd III 
34 ¢ And 215 0 47 15.5 | +24 15 32 | fvd6 4.06 | +0.90 | +1.12 | KOTIII 
X  Byi 236 0 48 32.3 | —74 55 54 | f 5.07 | +1.68 | +1.37 | K5 III 
63 6 Psc 224 0 48 36.3 | +7 34 37 | fd 4.43 | +1.86 | +1.50 | K4.5 IIIb ) 
64 Psc 225 0 48 54.0 | +16 55 57 | fd6é 5.07 +0.51 | F7V 
24° 7 ~—Ss as 219 0 49 00.6 | +57 48 29 | sd6 3.44 | +0.03 | +0.57 | F9V 
55 vy And 226 0 49 43.9 |. +41 0415 | £6 4.53 | —0.58 | —0.15 | B5 V 
19. ¢* Cet 235 050 03.1 | —10 3909 | fv 5.19 | —0.02 | +0.50 | F8 V 
233 0 50 38.1 | +64 14 22 | fcv6é 5.39 +0.49 | GO III-IV + B9.5 V 
20 Cet 248 0 5255.9 | —10909 | f 4.77 | +1.93 | +1.57 | MO7 IIIa 
Ae FDae 270 0 5457.0 | —69 32 07 | f 5.45 | +1.00 | +1.09 | K2 III 
II 
27) xy “Gas 264 0 56 37.0 | +60 42 31 | fvd6 2.47 | —1.08 | —0.15 | BO IVnpe (shell) 
37 yw And 269 0 56 40.2 | +38 29 28 | fd 3.87 | +0.15 | +0.13 |-A5 IV-V i) 
38 7 And 271 057 07.6 | +23 24 35 | dé 4.42 | +0.69 | +0.94 | G87 IIIb | 
a) scl 280 0 58 32.0 | —29 21 56 | fsv6 4.31 | —0.56 | —0.16 | B4 Vp 
71 € Psc 294 10251.9 | + 75255 | fd 4.28 | +0.70 | +0.96 | G9 III Fe-2 . 


BRIGHT STARS, J1998.5 H3 


Flamsteed/Bayer 


Right 
Designation 


Ascension va EE a ia ie Spectral Type 


| 01.0 3.31 | +0.57 | +0.89 G8 III 
| 15.1 5.37 +0.88 G65 III 
43.8 5.21 | +0.09 | +0.16 A3 IV/V 
8 10.3 | +54 54 47 | fvd6 5.17 | +0.09 | +0.69 G5 Vb 
819.3 | —55 1514 | vd6 3.92 | —0.41 | —0.08 B7 V 
LO8e30'9e |i —10 1125") td 3.45 | £1.19 | 41.16 1m @NGO:5 
1 08 31.0 | +86 14 57 | f 4.25 | +1.33 | 41.21 K2 III 
co) 109 24.9 | +47 1402 | d7 4.25 | —0.34 | —0.07 B7 Ill 
43 6 And 337 1 09 38.9 | +35 36 45 | fvd 2.06 | +1.96 | +1.58 MO* Illa 
33 0 Cas 343 1 1100.7 | +55 08 31 | vd6 4.33 | +0.12 | +0.17 A7m 
| <2 Psc 351 LAW 22-AS E21 01365) £ 4.66 | +0.82 | +1.03 G8.5 III 
| 83 T Psc 352 111 34.7 | +30 04 54 | f6 4.51 | +1.01 | +1.09 KO.5 IIb 
86 ¢ Psc 361 1, 13, 39.2 + 7 3403 | fd67 4.86 | +0.09 | +0.32 FO Vn 
Ke Luc 377 115 43.2 | —68 53 02 | vd7 4.86 | +0.03 | +0.47 F6 IV 
89 Psc 378 1 17 43.3 + 3 36 24 | £6 5.16 | +0.08 | +0.07 A3 V 
| 90 D) PSG 383 PD NO23/08 F-27152)" 16 4.76 | +0.10 | +0.03 A2 IV 
34. g@ Cas 382 119 59.2 | +58 13 26 | smd6 4.98 +0.68 FO la 
| 46 & And 390 1 2215.19) +45 3115 | f6 4.88 | +0.99 | +1.08 KO7 IIIb 
| 45 0 Cet 402 1 23 56.9 =— 8) 1128") fd 3.60 | +0.93 | +1.06 KO IIIb 
37 6 Cas 403 1 25 43.0 | +60 13 39 | fsvd6 2.68 | +0.12 | +0.13 A5 IV 
36 ~w Cas 399 1 25 49.6 | +68 07 20 | fd 4.74 | +0.94 | 41.05 KO III CN 0.5 
94 Pse 414 1 26.36.8 | +19 1358 | f 5.50 | +1.05 | +1.11 | gK1 
48 w And 417 1 27 33.9-| +45 23 57 | fd 4.83 0.00 | +0.42 FS V 
oy Phe 429 1 28 18.0 | —43 19 33 | fv6 3.41 | +1.85 | +1.57 Mo Illa 
48 Cet 433 1 29ksieS 9) —216 3830) tdi7 5.12 | +0.04 | +0.02 Al Va 
6 Phe 440 1 3111.4 | —49 04 50 | f 3.95 {| +0.70 | +0.99 G9 III 
o) n Psc 437 1 31 24.2) |-+-15 20 17 | .fvd 35026) E0279) (e029, G7 Illa 
50 vu And 458 1 36 42.5 | +41 23 53 | fd6 4.09 | +0.06 | +0.54 F8 V 
a Bri 472 3% 395 Ro L439 fv 0.46 | —0.66 | —0.16 B3 Vnp (shell) 
51 And 464 1 37 54.0 | +48 37 14 | f Sole 146) | =F 128 Konr iil 
40 Cas 456 1 38 23.6 | +73 01 57 | fvd 5.28 +0.96 G7 Il 
106 V Psc 489 BAIRD 2 + 5 28 48 | f 4.44 | +1.57 | +1.36 K3 IIIb 
490 1 41 58.3 | +35 1417 | f 5.40 | —0.20 | —0.09 B9 IV-V 
7 Scl 497 1 42 04.5 | —32 20 04 | fm 5.26 +1.04 K1 II/III 
500 1 42 39.0 — 3 41 52 | f 4.99 | +1.58 | +1.38 K3 II-III 
oe Per 496 1 43 34.0 | +50 40 52 | fv6 4.07 | —0.93 | —0.04 B2 Vep 
52 f Cet 509 1 43 59.9 | —15 56 43 | fd 350°) =F0.21 |! +-0°72 G8 V 
110 fe) Psc 510 1 45 18.9 + 90901 | fsv AT26R) =-0:71 9 =-0°96 G8 III 
€ Scl 514 1 45 34.6 | —25 03 36 | fd7 5.31 | +0.02 | +0.39 FO V 
513 1 45 54.7 — 54427 | s 52340) =+-1.88> | S152 K4 Ill 
| 
53 x Cet 531 1 49 30.7 | —10 41 38 | fd 4.67 | +0.03 | +0.33 F2)IV-V 
55 ¢ Cet 539 1 51 23.2 | —10 20 33 | fvd6 3.73 | +1.07 | +1.14 KO III 
= a Ih 544 1 5259.8 | +29 3418 | fd6 3.41 | +0.06 | +0.49 F6 IV 
111 fe Psc 549 1 53 28.7 + 31049 | fv6 4.62 | +0.72 | +0.94 G9 IIIb Fe-0.5 
we he 555 153 35.2 | —46 18 36 | fv6 AtA1 S| 41.70 | 41:59 M4 III 
45 € Cas 542 1 5417.2 | +63 39 46 | fv 3:38%)=0.60 |) —0:15 B3 IV:p (shell) 
o@ Phe 558 154 18.3 | —42 30 16 | f6 5:11) =0.15 | =0:06 Ap Hg 
oF Pe An 553 1 54 33.4 | +20 48 03 | fv6 2.64 | +0.10 | +0.13 A4 V 
n°? yi 570 1 54 53.8 | —67 39 17 | f 4.69 | +0.64 +0.95 G8.5 III eee >. 5 
xX. Eri 566 155 54.0 | —51 36 59 | fvd7 37 +0.46 | +0.85 G8 III-IV CN-0.5 Hé 0.5 


H4 


BRIGHT 


STARS, J1998.5 


Flamsteed/Bayer HR 
Designation No. 


a  Hyi 591 
59 vi Cet 585 
135 a bse 596 


4 Per 590 
50 Cas 580 
57 2 = oAnd ji) 603 

V For 612 

13 a Ari 617 
4. @ Th 622 
iw For 652 

65 6 Get 649 
645 

641 

¢ Eri 674 

67 Cet 666 

9 ¥y~ Tri 664 
62 And 670 
68 


K Hyi 715 
r Hor 714 
(2 p Cet 708 
K Eri 721 
WZ, Tri rele 


Too 

743 

32 Vv Ari (ke 
82 6 Cet 779 
€ Hyi 806 

L Eri 794 

G Hor 802 

86 7 Cet 804 
35 Ari 801 
14 Per 800 
89 1 Cet 811 
3 0 Per 799 
87 Cet. 813 
1 7 Eri 818 
2 For 841 

41 Ari 838 
16 Per 840 


Right 


Ascension 


2 44 51.7 


2 45 02.0 
2RAQLOU NT 
2 49 53.7 
2 50 29.3 
2 50 35.2 


Declination 


° / uv 
—61 34 38 
—21 05 06 
+ 2 45 23 
+54 28 49 
+72 24 51 


+42 19 21 
—29 18 14 
sr ee Pals US) 
+34 58 49 
—30 43 51 


+ 8 50 23 
+51 03 32 
+58 33 15 
—51 31 09 
— 6 25 44 


+33 50 25 
+47 22 23 
2209804 
—68 39 58 
—23 49 24 


—73 39°09 
—60 19 07 
—12 17 50 
—47 42 38 
+29 39 46 


Ser (ele 
+67 23 45 
+89 15 27 
—79 06 57 
+36 08 27 


—15 15 04 
+ 5 35 12 
+ 6 52 47 
+72 48 43 
+21 57 18 


4+ 0.19520 
—68 16 24 
—39 51 42 
—54 33 23 
+ 3 13 46 


+27 42 03 
+44 17 27 
—13 51 54 
+49 13 20 
+10 06 28 


—18 34 44 
—32 24 44 
+27 15 16 
+38 18 45 
+55 53 22 


Notes 


Spectral Type 


FOn III-IV 
MO IIIb 
AOp Si Sr 
B8 III 

Al Va 


K3>) IIb 

B9.5p Si 

K2~ IIlab Ca-1 
A5 IV 

AO Vatnn 


Geiiiire-1 

G8 III CN 1 CH 0.5 Fe-1 
A3 Tab 

B8 V 

G8.5 III 


AO IV-Vn 

Al V 

M5.5—9e III + pec 
Al Va 

GO Va 


K1 Il 
P2LV—-V 
AO III-IVn 


B2 IV 
B9 V 


F4 IV 
A2 Va 


F7'V 
FOm F2 vt 


F5 V 

G8.5 III Fe-0.5 
B8 Vn 

War 

K3~ Ib-Ila 


Flamsteed/Bayer 
Designation 
2 7? Eri 
43 oO Ari 
R Hor 
18 a Per 
3 n Eri 
6} Eri 
62 Eri 
24 Per 
91 Xr Cet 
92 Qa Cet 
0 Hyi 
11 73 Eri 
mw Hor 
23 Y Per 
25 p Per 
26 B Per 
L Per 
27 K Per 
57 6 Ari 
a For 
TW Hor 
94 Cet 
58 ¢ Ari 
13 ¢ Eri 
29 Per 
96 K Cet 
16 74 Eri 
61 T Ari 
oe a Per 
1 fo) Tau 
2 é Tau 
K Ret 
30 (ol Per 
E7/ Eri 
5 Tau 
18 € Eri 
19 75 Eri 
20 EG Eri 
asi w Per 
10 Tau 


BRIGHT STARS, J1998.5 


HS 


HR Right 


850 
847 


; 50 58. 2 
2 51 24.6 
2 53 49.9 
2 54 09.0 
2h06.21.3 


2 56 32.9 
2 58 12.3 


21 00 37 
+15 04 33 
—49 53 47 
+52 45 23 
— 85415 


— 3 43 06 
—40 18 38 
—40 18 38 
+35 10 38 
+ 8 54 05 


+ 4 05 02 
—71 54 30 
—23 37 49 
—59 44 37 
+53 30 03 


+38 50 04 
+79 24 46 
+40 57 00 
+49 36 28 
+44 51 06 


+19 43 16 
—28 59 34 
—57 19 38 
— 1 1206 
+21 02 20 


— 6 49 3i1 
+50 13 00 
+ 3 21 53 
—21 45 48 
—43 04 32 


+77 43 46 
+29 02 35 
+21 08 30 
+49 51 22 
+64 34 51 


9 Ol20 
+49 06 57 
+ 9 43 39 
+59 56 07 
—62 56 34 


+58 52 25 
+47 59 25 
— 5 04 49 
+12 55 54 
— 9 27 48 


—21 38 16 
17 26.19 
+48 11 16 
+ 0 23 49 
—40 16 46 


fv 
fd7 
f 

f 
fcd6 


fv 
fd6 
fvd6 
fd 
vd6 


fv 
vd7 
fsv 
fd7 


4.75 
5.49 
4.00 
3.95 


+0.63 
—0.43 


+0.46 
+1.00 


+0.05 
+0.12 
=O) 
lea) 
—0.45 


+1.94 
—0.51 
+0.08 
+0.45 


SEL 


+0.07 
+0.77 


+0.91 
—0.09 


+0.74 
Sie teelUt 


+0.08 
+0.12 
sia ae 
Sh 283} 
—=OnlZ 


+1.64 
—0.14 
+0.16 
+0.34 
+0.70 


+1.65 
+1.57 
—0.05 
+0.61 
+0.98 


+1.03 
+0.52 
+2.28 
+0.57 
—0.01 


+0.23 
—0.05 
+0.68 


gM6.5e: 
G5 III + A4 V 
K1 IIIb 


A3 Vn 
A5 IV 
Al Va 
K2 Ill 
B6 III 


M1.5 Illa 


FO IV-V 
G5 II + A2 V 


M4 II 

M2 IIlab 
B8 V + F: 
GO V 

KO III 


KO III 

F6 V 

C6:;2.5 Ba2 Y4 
GO IV 

A0.5 Vat 


A5m: 
B3 V 
G5 V 
M3* IIIa Ca-1 
G8 V 


Ad III: 

K3 Illa Ba 0.5 
B5 IV 

F5 Ib 

MO II 


G6 Illa Fe-1 


K2 V 


H6 BRIGHT STARS, J1998.5 


Flamsteed/Bayer Right Declination Spectral Type 
Designation Ascension 
° / vt 
BD Cam +63 12 43 | fv6 5.10 +1.63 | S3.5/2 
6 For —31 56 35 | f6 5.00 | —0.60 | —0.16 | B5 IV 
39 0) Per 122 +47 46 58 | fvd6 3.01 —0.13 | B5 Il 
23 6 Eri 1136 — 946 06 | fv 3.54 | +0.69 | +0.92 | Kot IV 
B Ret 1175 —64 48 42 | fd6 3.85 |} ¢+1.10 | +1:13-)-K2 III 
38 Co) Per 1131 3 44 13.5 | +32 17 01 | vd6 3.83 | —0.75 | +0.05 | Bl III 
24 Eri 1146 3 44 25.9 — 11004 | f6 5:20 pie—0239" |) —OshO eh, Brey 
iG Tau 1142 3 44 47.2 | +2406 31 | fmd6 3.70 —0.11 | Bé Ill 
4] v Per 1135 3 45 05.5 | +42 34 26 | fvd 3.77 |«+0.31 | +0:42 | Fo ll 
19 Tau 1145 3 45 07.1 | +24 27 45 | vmd6 4.30 —0.11 | B6 IV 
29 Tau 1153 3 45 35.6 + 6 02 43 | fd6é 5.35 | —0.61 | —0.12 | B3 V 
20 Tau 1149 3.45 44.2 | +24 21 47 | svmd6 3.88 —0.07 | B7 IIIp 
26 7 Bri 1162 3,46 04.2 | —12 06 23 | v 4.42 | +2.01 | +1.63 | M27 IIlab 
23, voG@lags tau 1156 3 46 14.2 | +23 56 38 | vmd 4.18 —0.06 | B6 IV 
27 7° Eri ulalyes} 3 46 47.0 | —23 1515 | f 4.23 0.00: | +0.42 | F3.III 
oy Hyi 1208 S47 15:60 p= 44 14 37a if 3.24 Bee 199) | 15621) M2eI TT 
25 n Tau 1165 3 47 23.7 | +24 06 02 | fmd 2.87 —0.09 | B7 IIIn 
27 Tau 1178 3 49 04.4 | +24 02 56 | fvmd6 3.63 —0.08 | B8 III 
BE Cam | 1155 3 49 22.9) +65 31 18] v 4.47 | +2.13 | +1.88 | M2* Ilab 
1195 Si 4AOL 23. Oe — 3012 Diy if 4.17 | +0.69 | +0.95 | G7 Illa 
ay Cam | 1148 3 50 11.9] +7119 40 | fd 4.63 | +0.07 | +0.03 | Al IIIn 
44 G Per 1203 3 54 02.3 | +3152 45 | fsvd67 2.85 $0 0108 ol) + O82 4) BAayTb 
45 € Per 1220 357 45.2 | +40 00 21 | fsvd67 2.89 | —0.99 | —0.18 | BO.5 IV 
34 Cy Eri 1231 3 57 57.6 | —13 30 46 | fvd 2.95 #| (+196; | +1559 |) M05 IIb Ca=t 
6 Ret 1247 3 58 43.3 | —61 24 16 | f 4.56 | +1.96 | +1.62 | M1 III 
46 ‘6 Per 1228 3 58 52.0 | +35 47 12 | fv6 4.04 | —0.92 | +0.01 | O7.5 IIIf 
35 r Tau 1239 400 35.8 } +12 29 10 | fv6 3.47 | =—0.62 | —0.12 || B3 V 
35 Eri 1244 4 01 27.5 —t] 33 144) if 5.28 »]} —0.55 | —O:15 || BS V 
38 vy Tau 1251 4 03 04.6 + 559 07 | f 3.91 | +0.07 | +0.03 | Al Va 
Sl Tau 1256 4 04 36.4 | +22 04 40 | fd 4.56 le =-0-99)5| --1hOG 10) 1 
47 r Per 1261 4 06 28.3 | +50 20 50 | f 4.29 »|.—0:04 | —0:01 | AO IIIn 
1279 4 07 36.9 | +15 09 32 | svmd6 6.01 +0.40 | F3 V 
48 MX Per 1273 4 08 33.1 | +47 42 31 | fv 4.04 | —0.55 | —0.03 | B3 Ve 
43 Tau 1283 4,09 04.74) ;-+-19 36, 19)5) if 5.50 +1.07 | Ki Ill 
1270 409 20.0 } +595415 1] s 6.28 | +0.92 | +1.14 | G8 Ila 
44 IM Tau 1287 410 44.4 | +26 28 38 | fv 5.41 | +0.06 | +0.34 | F2 IV-V 
38 o} Bri 1298 411 47.5 — 6 50 29 | fv 4.04 | +0.13 | +0.33 | F1IV 
a Hor 1326 413 57.1 | —42 1753 | f 3.80 Aisa 1200 >|, -- bel 0 4) Koa 
a Ret 1336 414 24.3 | —62 28 39 | fd6 3.35 | +0.63 | +0.91 | G8 II-III 
ol pb Per 1303 4 14 47.2 | +48 24 20 | fvd67 4.14 | +0.64 | +0.95 | GO Ib 
40 0? Eri 1325 415 12.2 — 7 39 18) | vd 4.43 | +0.45 | +0.82 | K0.5 V 
49 bb Tau 1320 AVS) 2.2 + 85319 | fm6 4.29 —0.05 | B3 IV 
48 Tau 1319 415 41.2 | +15 23 49 | svmd 6.32 +0.40 | F3 V 
Y Dor 1338 4.15 59.2 | —51 29 25.)| fv 4.25 | +0.03 | +0.30 | Fl Vt 
€ Ret 1355 416 27.4 | —59 18 20 | d 4.44 ai ii07 | 108 | K20V 
41 Eri 1347 4 17 50.3,.| .—33 48 07 | vd67 3.56 | —0.37 | —0.12 | B9p Mn 
54 ay, Tau | 1346 419 42.5 | +15 37 27 | fvm6 3.63 +0.99 | G9.5 Ilab CN 0.5 
Of Vasoue Lan 1351 419 52.6 | +1401 54 | svmd6 5.59 +028) FOV 
54 Per 1343 4 20 18.8 | +34 33 48 | fd 4.93 | +0.69 | +0.94 | G8 III Fe 0.5 
1327 4 20 31.8 | +65 0813] s 5.27 sle+O:47 |. +08) || G5.1Ib 


Flamsteed/Bayer 


BRIGHT STARS, J1998.5 


HR ; A rs 
Designation No. moe Dedeen noe 
h m Ss 6. FY. " 
1367 4 20 35.1 | —20 38 35 | fm 
n Ret 1395 4 2152.3 | —63 23 24 | fm 
61 6 Tau 1373 4 22 50.9 | +17 32 21 | fvmd6 
63 Tau 1376 4 23 19.9 | +16 46 26 | csmd6 
42 € Eri 1383 4 23 36.4 | — 34456 | fv6 
43 Eri 1393 4 23 58.8 | —340113 ] fm 
65 Ki Tau 1387 425 16.8 | +22 1726 | vmd6 
68 v776 Tau 1389 4 25 24.2 | +1755 29 | vmd6 
69 v Tau 1392 4 26 13.1 | +22 48 37 | vmd6 
Tl Nine eau 1394 4 26 15.6 | +15 36 54 | vmd6 
WM 61 Tau 1411 4 28 29.3 | +15 57 32 | d6 
74 € Tau 1409 4 28 31.7 | +19 10 38 | fd 
78 6? Tau 1412 4 28 34.6 | +15 52 04 | svd6 
6 Cae 1443 4 30 47.4 | —4457 25 | fv 
1 Cam | 1417 4 3154.7 | +5354 28 | fd6 
50 vi Eri 1453 AN33 D2 7elee| = 29465 tly. 
86 p Tau 1444 4 33 45.8 | +1450 29 | fvm6 
a Dor 1465 4 33 57.8 | —55 0253 | fvd7 
52 v2 Eri 1464 4 35 29.5 | —30 3355 | f 
88 Tau 1458 4 35 34.3 | +10 09 28 | vd6 
87 a Tau 1457 4 35 50.1 | +16 30 23 | fsvd6 
48 v Eri 1463 436146 | — 32120 | fvd6 
58 Per 1454 4 36 35.1 | +41 15 42 | cd6 
R Dor 1492 4 36 44.6 | —62 04 49 | svd 
90 Tau 1473 4 38 04.4 | +12 30 29 | md6 
53 Eri 1481 4 38 06.7 | —14 18 24 | fd67 
54 DM _ Eri 1496 4 40 22.5 | —19 40 28 | vd 
a Cae 1502 4 40 30.8 | —41 5200 | fvd 
B Cae 1503 4 42 00.3 | —37 0850 | f 
94 T Tau 1497 442 09.3 | +225715 | fd67 
57 Lb Eri 1520 445 25.6 | — 31526 | f6 
4 Cam | 1511 4 47 52.7 | +56 4517 | fmd 
1 1? Ori 1543 APA QA RSH = 9615/4515 |etv.d6 
1533 4 49 48.6 | +37 2909 | f 
2 1 Ori 1544 4°50031.8"| =-°8 53°52) "6 
3 4 Ori 1552 451 07.6 | +5 36 09 | fsv6 
97 v480 Tau 1547 A5117.2-) +18 5015 | fvd 
4 o! Ori 1556 452 26.9 | +1414 54 | fev 
61 Ww Eri 1560 ZN 159) ANS) |) S85) De AI) NI 3 
9 a Cam | 1542 453 54.0 | +66 20 25 | f 
8 7° Ori 1567 AL level aie || 46 o) oxsalis tnn@ 
n Men | 1629 BBG: AS I RTE OOM Api 
9 0” Ori 1580 4565172) +13 30 44.1 d 
3 L Aur 1577 456 53.7 | +3309 50 | fv 
Wl Cam | 1568 457 09.9 | +53 4459 | d67 
10 1® Ori 1601 AS81282) ae 142043) | vy 
7 € Aur 1605 5 01 51.7 | +43 49 16 | fvd6 
8 ¢ Aur 1612 5 02 22.4 | +41 04 26 | fcv6 
102 l Tau 1620 5 03 00.4 | +21 35 16 | fmd 
10 B Cam | 1603 5 03 17.1 | +60 26 25 | fd 


+0.88 
+0.15 


=0:73 
One 


—0.35 
Omi 
ScOniall 


+1.90 
—0.89 
+0.82 
+0.86 


Sei 
allaesll 
+0.01 
+0.04 
—0.57 


—0.60 


—0.01 
+1.70 
0.00 


—0.81 
Tile 


+0.16 
—0.88 


—0.83 
+1.83 
selbst 
+1.78 
—0.01 


+1.55 
+0.33 
+0.38 


+0.63 


H7 


Spectral Type 


Al V 
G8 III 

G9.5 III CN 0.5 
FOm 

A2V 


K3.5~ IIIb 
AS 1V-V 
A2 IV-Vs 
A9IV-n 
FOn IV-V 


G9 III Fe-0.5 
G9.5 III CN 0.5 
A7 Il 

B2 IV-V 

BO IIIn 


KO* III Fe-0.5 
AQ V 

AOp Si 

G8.5 Illa 

A5m 


K5~ Ill 

B2 Ill 

KO II-III + B9 V 
M8e III: 

A5 IV-V 


K1.5 IIIb 
M3 II-III 
1a dl NY 


F6 V 
K3.5 III 
AO.5 IVn 


B2 Ill 
AQ Vt 
Sony 
AQ9 IV 
O9.5 Ia 


B2 Il 

K4 Ill 

KO metiiGke= 
K3 II 

A0m A1 III 


KD tht 

A9 la 

Koll =] BS V 
AIG 

G1 Ib-Ila 


H8 


Flamsteed/Bayer 
Designation 


LI vAll032 Or 
n? Pic 
2 € Lep 
G Dor 
10 n Aur 
67 B Eri 
69 r Eri 
16 Ori 
3 L Lep 
5 L Lep 
4 K Lep 
Dy p Ori 
id L Aur 
0 Dor 
19 B Ori 
13 a Aur 
(0) Col 
20 a Ori 
15 r Aur 
G Pic 
6 Xr Lep 
22 Ori 
29 Ori 
28 n Ori 
24 oy Ori 
112 B Tau 
15 Tau 


9 B Lep 


3D Ori 
€ Col 
34 6 Ori 
34 6 Ori 
oy Men 
119 CE Tau 
25 x Aur 
11 a Lep 
B Dor 
37 ¢} Ori 
39 A Ori 
vl046— Ori 
44 L Ori 
46 € Ori 
40 o? Ori 
123 G Tau 
48 oO Ori 
a Col 
50 ¢ Ori 


Right 


Ascension 


h m s 
5 04 29.0 
5 04 55.7 
5105 2329 
5 05 2921 
5 06 24.6 


5 O07 46.5 
5 09 04.5 
5 09 14.7 
Ol 2 3G 
5 12 51.8 


5 13 09.7 
5 13 12.7 
5 13 19.5 
5 13 45.5 
5 14 27.9 


16 34.7 
17 25.8 


BRIGHT STARS, J1998.5 


/ ut 


+15 24 08 


fv 
—49 34 47 | fv 
—22 22 23 | fv 
—57 28 29 | f 


+41 13 57 | fv 


— 50518 | fvd +0.10 
— 8 45 21 | fv 4.27 | —0.90 
+949 40 | fvmd6 ote 

—-115215 /d 4.45 | —0.40 
—16 12 26 | fsv 3.31 | —0.39 
—12 56 36 | d7 4.36 | —0.37 
+ 251 34 | vd67 4.46 | +1.16 
+38 28 58 | f 4.86 | +0.09 
—67 1113 | f 4.83 | +1.39 
— 81212 | fsvd6 0.12 | —0.66 
+45 59 48 | fcvd67 0.08 | +0.44 
—34 53 48 | f 4.83 | +0.80 
— 650 45 | fsd6 3.60 | —0.47 
+40 05 52 | fd 4.71 | +0.12 
—50 36 27 | f 5.45 | +0.01 
—13 10 42 | f 4.29 | —1.03 
— 02302 | f6 4.73 | —0.79 
+79 13 47 | fd 5.05 

— 7 48 34 4.14 | +0.69 
— 22354 | vd6 3.36 | —0.92 
+ 6 20 54 fvd6 1.64 —0.87 
+28 36 23 | fsd 1.65 | —0.49 
+17 57 40 | fd 5.42 | —0.53 
—20 45 38 | fvd 2.84 | +0.46 
—47 04 43 | fd7 5.46 | +0.21 
+556 49 | d7 4.20 | —0.55 
—35 28 18 3.87 | +1.08 
— 01801 | fvd6 2.23 | —1.05 
— 01708 | sd 6.85 | —0.71 
—76 20 32 | fd 5.19 | +1.19 
+18 35 36 | v 4.38 | +2.21 
+32 1128 | fv6 4.76 | —0.46 
—17 49 24 | fsvd 2.58 | +0.23 
—62 29 27 | fvm 3.40 

+ 92919 | f6 4.41 —0.97 
+955 59 | vd8& 3.66 | —1.03 
— 429 40 | svm6 6.55 

— 425 34 | smd 6.25 

— 5 54 39 | fsmd6 2.76 

— 11210 fsvd6 1.70 —1.04 
+91724 ]s5 4.09 | +0.64 
+21 08 30 | fsvd6 3.00 | —0.67 
— 23603 | d6 3.81 —1.01 
—34 04 30 | fvd 2.64 | —0.46 
— 156 35 | vmd68 2.05 | —1.07 


BO V: 
B9p Hg Mn 


B7 V 

K1 III CN 0.5 
A7m 

K2.5 Illa 

B8 la 


G6 III + G2 Ill 
KO/1 III/IV 

B5 III 

G1.5 IV-V Fe-1 
PF I-IV 


BO.5 IV 

B2 IV-V 

F7 Vs 

G8 III Fe-0.5 
Bl1IV+B 


B5 V 
K1 I/II 
09.5 I 
B2 Vh 
K2 Ill 


M2 Iab-Ib 
B5 lab 

FO Ib 
F7-G2 Ib 
BO.5 IV-V 


O08 Illf 
B2 Vh 
B2.5 V 
O9 III 
BO Ia 


KO IItb Fe-2 
B2 IIpe (shell) 
09.5 V 

B7 IV 

09.5 Ib 


Flamsteed/Bayer HR Right 
Designation No. Ascension 

hym $s 
50 G Ori 1949 5 40 41.0 
13 a) Lep 1983 5 44 24.0 
6 Dor 2015 5 44 46.2 
27 Co) Aur 1971 5 45 47.1 
14 G Lep 1998 5 46 53.3 
B Pic 2020 5 47 15.0 
130 Tau 1990 5 47 20.9 
53 K Ori 2004 5 47 41.1 
oy Pic 2042 5 49 48.0 
2049 5 50 51.2 
B Col 2040 5 50 54.4 
15 6 Lep 2035 5 51 15.4 
32 v Aur 2012 5 51 23.2 
136 Tau 2034 5 53 14.0 
54 x) yty Ori 2047 5 54 17.6 
30 a Aur 2029 5 54 43.2 
58 a Ori 2061 5 55 05.4 
16 n Lep 2085 5 56 20.2 
Y Col 2106 9 57 29.0 
60 Ori 2103 5 58 44.9 
n Col 2120 5 59 06.1 
33 6 Aur 2077 5 59. 24.2 
34 B Aur 2088 5 59 25.1 
37 0 Aur 2095 5 59 37.2 
35 T Aur 2091 5 59 49.4 
61 L Ori 2124 6 02 18.1 
62 OT 2135 6 03 49.9 
1 Gem | 2134 6 04 01.7 
17 Ss jLep 2148 6 04 55.1 
67 v Ori 2159 6 07 29.2 
vy Dor 2221 6 08 44.8 
2180 6 08 54.1 
é6 Pic 2212 6 10 16.1 
a Men 2261 6 10 17.1 
70 & Ori 2199 6 11 51.3 
36 Cam | 2165 6 12 42.0 
5 5 Mon | 2227 6 14 46.9 
i ” Gem | 2216 6 14 47.2 
44 K Aul 2219 6 15 17.0 
74 Ori 2241 6 16 21.6 
K Col 2256 6 16 29.9 
2209 6 18 40.9 
2. UZ pylym 2238 6 19 29.5 
7 Mon | 2273 6 19 38.5 
1 G CMa | 2282 6 20 15.3 
6 Col 2296 6 22 03.5 
My B CMa | 2294 6 22 38.0 
13 Le Gem | 2286 6 22 52.2 
8 Mon | 2298 6 23 41.3 
a Car 2326 6 23 55.1 


BRIGHT STARS, J1998.5 


H9 


Declination 


/ wt 


= 1 OO BY 
EDO O 
—65 44 10 
+49 49 33 
—14 49 21 


—51 04 O1 
+17 43 43 
— 9 40 12 
—56 10 01 
—52 06 33 


—35 46 08 
—20 52 45 
+39 08 53 
+27 36 43 
+20 16 34 


+55 42 24 
+ 7 24 25 


—14 10 05 
—35 17 00 
+ 0 33 10 


—42 48 55 
+54 17 05 
+44 56 51 
+37 12 45 
+45 56 13 


ST OROOEDL 
+20 08 18 
+23 15 49 
= 16) 29103 
+14 46 07 


—68 50 35 
—22 25 37 
—54 58 06 
—74 45 09 
+14 12 33 


+65 43 08 
— ONO 2 
+22 30 26 
+29 29 55 
+12 16 22 


—35 08 24 
+69 19 14 
+59 00 42 
— 7 49 20 
—30 03 46 


—33 26 08 
if Of hS 
+22 30 52 
+ 4 35 37 
—52 41 41 


Notes 


vmd68 
fd 

if 

f 

f6 


Spectral Type 


BO III 
F7 V 
A7 Vtn 
AOp Cr 
A2 Van 


A6 V 
FO III 
BO.5 Ia 
K1 Ill 
G8 III 


K1.5 II] 

KO Ill Fe-1.5 CH 0.5 
KO III CN 0.5 

AO IV 


G8/K1 II 
KO7 III 
A1LIV 
AOp Si 
M3 II 


Adm: 
B2 Ia 
Gd III-IV 
Ap (shell) 
B3 IV 


B8 V 
AO V 
BO.5 IV 
G5 V 
B3 IV 


K2 II-III 

K1 III Ba 0.5 
M2.5 III 

G9 IIIb 

F4 1V 


KO.5 Illa 
AO IV+tnn 
Al Va 
B2.5 V 
B25 V 


G7 Il 
B1 I-Il 
M3 IIlab 
A6 IV 
AQ II 


H10 


46 wi Aur 
10 Mon 2344 

r CMa | 2361 
18 Vv Gem 2343 


ae + Et CMa | 2387 


13 Mon |} 2385 


SiGe CMa | 2414 
v2 CMa | 2429 

24 ay Gem | 2421 
V Pup 2451 

8 vp CMa | 2443 


15 Ss Mon | 2456 

Dit € Gem 2473 

30 Gem | 2478 

9 a CMa | 2491 

31 é Gem | 2484 

2513 

2401 

56 «> Aur | 2483 
2518 ~ 


57 we Aur 2487 


18 Mon | 2506 
a Pic 2550 

13 K CMa | 2538 
v415 Car 2554 

a Pup 2553 


v592 Mon 2534 

L Vol 2602 

34 6 Gem | 2540 
43 Cam 2011 
16 o} CMa | 2580 


14 0 CMa | 2574 
NP Pup 2591 


20 ih CMa | 2596 
15 Lyn 2560 
21 € CMa | 2618 
2527 

22 oO CMa | 2646 
42 Ww Gem 2630 
D4 G2 CMa | 2653 
23 7 CMa | 2657 
2666 

43 ¢ Gem | 2650 
v386 Car 2683 


25 6 CMa | 2693 
Bi Vol 2735 


Right 
Ascension 


6 58 34.0 


6 59 51.0 
7 O01 39.6 
702°19.3 
7 02 57.7 
7 03 41.4 


7 04 00.0 
7 04 01.2 
7 04 16.6 
7 08 19.8 
7 08 43.1 


BRIGHT STARS, J1998.5 


Declination 


° Uy wt 


—11 31 45 
+49 17 20 
— 4 45 40 
—32 34 45 
+20 12 47 


—23 25 02 
—11 09 55 
+ 7 20 03 
— 1s 13508 
—52 58 27 


—22 31 49 
SUSU EY 
+16 24 02 
—43 11 41 
—18 14 10 


+ 9 53 50 
+25 07 58 
+13 13 46 
—16 42 49 
+12 53 50 


—52 11 58 
+79 34 00 
+43 34 45 
—37 55 41 
+48 47 28 


+ 2 24 50 
—61 56 23 
—32 30 24 
—53 37 13 
—50 36 46 


—8O 02922 
—70 57 42 
+33 57 47 
+68 53 25 
—24 10 55 


—12"0212 
—42 21 48 
—17 03 07 
+58 25 29 
—28 58 12 


+76 58 47 
—27 55 57 
+24 13 04 
—23'49' 52 
—15 37 51 


—42 20 06 
+20 34 21 
—56 44 51 
—26 23°27 
=70 29°41 


Spectral Type 


K3 III 
K5—M0O Iab-ib 
B2 V 
B4 V 
Bé III 


B1 Ill 

G9.5 III: Ba 3 
AO Ib-II 

B5 Vn 

AO II 


AO Ill 

K1.5 IIJ-IV Fe-1 
Al IVs 

B8 IIIn 

KO.5 III 


O7 Vf 

G8 Ib 

K0.5 III CN 0.5 
A0Om Al Va 

F5 IV 


G5 Iab 
F8 V 
GO V 
B8/9 V 
KO III 


A2p Sr Cr Eu 
B7 IV 

A3 III-IV 

B7 Ill 

K2 Tab 


K4 III 
C5,2.5 
B3 II 

G5 III-IV 
B2 Il 


K4 III 
K7 Ib 
G5 Ila 
Beta 
B8 II 


ASm 
F9 Ib (var) 
Ap Si 
F8 la 
F0/3 


Flamsteed/Bayer 
Designation 
B? Vol 
20 Mon 
46 ap Gem 
63 Aur 
2? 6 Mon 
48 Gem 
QW Pup 
ol BOQ i Gem 
Le Pup 
27 EW (i@Ma 
28 7) CMa 
6 Vol 
7 Pup 
54 Xr Gem 
30 TG CMa 
55 6 Gem 
31 n CMa 
66 Aur 
60 L Gem 
3 B CMi 
4 Y CMi 
62 p Gem 
oO Pup 
6 CMi 
66 a Gem 
66 a Gem 
69 Uv Gem 
735) Mon 
10 a CMi 
OV Cep 
R Pup 
26 a Mon 
G Vol 
24 Lyn 
CS oO Gem 
3 Pup 
(ele K Gem 
78 B Gem 
4 Pup 
81 Gem 
1a CMi 
80 T Gem 


BRIGHT STARS, J1998.5 


Right 
Ascension 


7 28 04.9 
7 29 00.9 
29-11.0 
7 29 42.8 
7 33 59.3 


7 34 30.1 
7 34 30.4 
7 35 37.5 
7 35 49.8 
Cony e” 


7 37 18.8 
7 38 45.7 
7 39 13.3 
7 39 51.2 
7 40 49.2 


7 41 10.5 
7 41 50.4 
7 42 52.8 
@ 43 13.1 
7 43 44.8 


7 44 21.4 
7 45 12.1 
7 45 13.5 
7 45 52.7 
7 46 02.2 


7 46 11.3 
7 46 33.3 
747 24.5 
7 47 28.8 
7 48 01.4 


Declination 


—70 29 48 
— 414 05 
+30 14 52 
+39 19 23 
029125 


+24 07 52 
—46 45 25 
+16 09 42 
—44 38 14 
—26 20 59 


—26 46 12 
—67 57 16 
—37 05 41 
+16 32 35 
—24 57 05 


+21 59 07 
—29 18 00 
+40 40 31 
+27 48 04 
+ 8 17 33 


+ 8 55 44 
+31 47 15 
—43 17 54 
+12 00 35 
—22 17 34 


+31 53 30 
+31 53 32 
—52 31 50 
+26 53 57 
— 4 06 27 


—34 57 54 
—26 47 54 
+ 5 13 44 
+87 01 25 
—31 39 26 


— 932 51 
—72 36 09 
+58 42 51 
+28 53 14 
—28 57 05 


+24 24 06 
—37 57 54 
+28 01 48 
—14 33 36 
+18 30 50 


+10 46 19 


+37 31 16 
+33 25 10 
—46 36 17 
—25 56 00 


Notes U-B B-V 


vmd8s& 


fv 
SV 


199 
2.85 
4.94 
4.06 
5.13 


4.53 
4.50 
0.38 


+0.60 
+0.78 
+1.41 
+1.74 
+0.02 


+0.09 
—0.01 
+1.82 


Seal 


S073 
+0.45 
+1.24 
+0.10 


+0.04 


+1.24 
+0.85 
—0.28 


+1.54 
—0.03 
Selle} 
+1.37 
+0.06 


+0.01 
+0.01 
=+1.63 
+1.94 
+0.12 


—0'31 
—0.57 
+0.02 
a eaca A 
+0.85 


+0.88 
+0.83 
+0.08 
SOLO 
—0.09 
+0.69 
+0.85 
+0.09 
+1.75 
—0.02 
+1.95 


=I02 


+0.91 
+1.03 
+1.26 
+1.45 
—0.01 


+0.36 
+0.32 
+1.66 
+1.56 
SW)189) 


S00 
+0.79 


H11 


Spectral Type 


G9 Ill 
KO III 
K2 Ill 
K3.5 III 
Al IlIt 


F5 IlI-IV 
FO IVs 
M4 IIab 
M5 IIle 
B3 IIlep 


K1 Illa Fe 1 
G9 IIIb 
B8 V 


Kil Fe=1 
FO vt 
K5 Ill 
K1 II 
F6 IV 


Alm A2 Va 
A2m A5 V: 
K3 III 
MO III-IIIb 
F6 Ill 


G9 III Fe-1 
G9 III 

A2 IVn 

K1 Ill 

A2 Ib 


G8 III 
K5 Ila 
KO IIIb 
F2V 
K4 Ill 


A0.5 IV~nn 
M2?* IIIb 
M1+ Illa 
Bis lV 

B1 IV:nne 


H12 BRIGHT STARS, J1998.5 


Flamsteed/Bayer HR Right Declination Notes Spectral Type 
Designation No. Ascension 
/ 


h m S 
3055 7 49 11.6 _46 22 10 4.11 —1.01 —0.18 | BO III 
ue fe Pup 3045 7 49 13.9 |. —24 51 22 ee 3.34 | +1.16 | +1.24 | G6 Iab-Ib 
13 ¢ CMi 3059 (5143 7.3 + 14615 | f 5.14 —0.49 —0.12 | B& Il 
3080 7 5209.9 | —40 3419 | fc6 3.73 | +0.78 | +1.04 | K1/2II+A 
QZ Pup 3084 1952435.58 | 1=—38 51 331) vd 4.49 —0.69 —0.19 | B2.5V 
3090 753 15.6 | —48 05 57 4.24 —1.00 | —0.14 | BO.5 Ib 
83 Co) Gem 3067 7 53 24.3 | +26 4611 | f6 4.97 | +0.10 | +0.09 | A3 IV-V 
x Car pos LILY 7 56 44.4 | —52 58 42 | fv 3.47 | —0.67 | —0.18 | B3p Si 
11 Pup 3102 7 56 47.7 | —22 52 34 4.20 | +0.42 | +0.72 | F8 II 
3113 7 57 36.5 | —30 19 50 | fv 4.79 | +0.18 | +0.15 | A6 II 
Vv Pup 3129 7 58 11.8 —49 14 27 | cvd6 4.41 —0.96 —0.17 | Bl Vp + B2: 
3153 7 59 36.1 —60 34 58 | sm 5.16 +1.72 | M1.5 II 
PAE Mon 3122 7-59 39.7 — 3 40 32 | f 4.93 | +1.21 +1.21 K2 Ill 
3131 7 59 48.0 —18 23 42 | fm 4.62 +0.08 | A21Vn 
3075 8 00 01.1 +73 55 20 | f 5.41 +1.64 | +1.42 |} K3 Ill 
3145 SH02 e112 + 220 19!)| d 4.39 | 4+1.28 | +1.25 | K2 IIIb Fe—0.5 
Xe Gem 3149 8 03 25.6 | +27 47 55 | fd6 4.94 | +1.09 | 41.12 | K1 III 
G Pup 3165 8 03 31.9 | —39 59 56 | fs 2.20 =1.11 —0.26 | O5 Iafn 
15 p Pup 3185 8 07 28.8 | —24 1800 | fvd6 2.81 +0.19 | +0.43 | F5 (Ib-II)p 
€ Vol 3223 8 07 55.6 —68 36 46 | d67 4.35 —0.46 —0.11 B6 IV 
Pat Lyn 3173 8 08 20.7 | +51 30 40 | fd 4.84 0.00 | +0.05 | Ai Va 
29 G Mon 3188 8 08 31.1 —25846 | d 4.38 | +0.69 | +0.97 | G2 Ib 
16 Pup 3192 8 08 57.6 —19 14 26 | 6 4.40 —0.60 | —0.15 | B5IV 
7} Vel 3206 | 8 09 26.5 —47 20 28 | vd6 4.27 | —0.92 —0.23 | BLIV 
2 Vel 3207 8 09 29.2 —47 19 56 | fevmd68 1.82 —0.99 —0.22 | WC8 + OSI: 
NS Pup 3225 8 11 18.3 | —39 36 51 | v6 4.45 | +1.86 | +1.62 | K4.5 Ib 
3182 8 12 39.9 | +68 28 43 | f 5.32 | +0.81 +1.04 | G7II 
20 Pup 3229 8 13 15.8 —15 4701 | f 4.99 +1.07 | G5 Ila 
3243 8 1359.7 | —40 20 36 | dé 4.44 | 41.09 | +1.17 | K1 I/IUl 
il B Cne 3249 8 16 26.1 + 91125 | fvd 3.52 | +1.77 | +1.48 | K4 III Ba 0.5 
3270 8 18 29.9 —36 39 17 | f 4.45 | +0.11 +0.22 | A7IV 
(e" Cha 3318 8 18 34.2 —76 54 54 4.07 | —0.02 | +0.39 | F4IV 
18 x Cnc 3262 819 58.4 | +27 13 21 f 5.14 —0.06 | +0.47 | F6 V 
0 Cha 3340 8 20 41.3 | —77 28 47 | fd 4.35 | +1.20 | +1.16 | K2 III CN 0.5 
3282 8 21 19.5 —33 02 58 | f 4.83 | +1.60 | 41.45 | K2.5 IJ-Iil 
€ Car 3307 Bn22429..0) —59 3017 | fev 1.86 | +0.19 | +2.28 | K3: III + B2: V 
31 Lyn 3275 8 22 44.0 | +43 11 35 | fv 4.25 | +1.90 | +1.55 | K4.5 III 
3315 8 24 59.9 —24 02 29 | fmd6 5.28 $1648 | K4°5 II] CN 1 
3314 8'25. 35.1 — 35405 | f 3.90 —0.02 —0.02 | AO Va 
B Vol 3347 8 25 43.2 —66 07 55 | fv SoC F Appl 14 +1.13_ | K2 III 
1 ) UMa | 3323 8 30 08.5 | +60 43 24 | fsvd 3.36 | +0.52 | +0.84 | G5 III 
33 tf) Cnc 3366 8 32 37.3 | +20 26 47 | f 5.33 Hil. 39) | 4-1259) K3 TI 
4 6 Hya 3410 8 37 34.6 + 5 42 33 | fd6 4.16 | +0.01 0.00 ;} Al IVnn 
3426 $°37:35.5 —42 59 02 | f 4.14 | 40.16 | +0.11 | A€II 
5 o Hya 3418 8 38 40.7 + 320 48 | f 4.44 | 41.28 | 41.21 K1 Ill 
6 Hya 3431 8 139.57.2 —12 28 12 | f 4.98 +1.42 | K4 IIT 
B Pyx 3438 8 40 02.7 | —35 1810 | d6 3.97 | +0.65 | +0.94 | G4 III 
0) Vel 3447 8 40 15.0 | —52 55 00 | fvm6 3.62 O87] aB3awvVi 
3445 8 40 34.6 | —46 38 36 | fvd 3.84 | +0.30 | +0.71 | FO Ia 
vo43,. Can 3457 8 40 35.1 —59 45 21 | vd6 4.33 | —0.80 | —0.11 | B1.5 III 


BRIGHT STARS, J1998.5 


H13 


Flamsteed/Bayer 


Right 
Designation 


4 Declination 
Ascension 


Spectral Type 


65 


64 


ihe 


15 
77 


QRS 


ms) 


ARAAD 


Lyn 
Cha 
Hya 
Cnc 
Pyx 


Cnc 
Vel 


Hya 


Cnc 
Car 
Hya 
Hya 
Hya 


Pyx 


Hya 
Oct 
@ar 


Cnc 
UMa 
Cnc 


UMa 
Vol 
UMa 


Cnc 
Vel 
UMa 
Cnc 


UMa 
Car 


Car 
Lyn 


Hya 


Car 
Lyn 
Lyn 


yx 
Vel 

Leo 
Hya 
Ant 


h m Ss 

8 40 54.9 
8 41 22.8 
8 43 08.8 
8 43 12.0 
8 43 31.9 


8 44 20.8 
8 44 36.0 


SS) PI 


+45 50 22 
—(8 Of29 
+ 3 24 15 
+21 28 26 
—33 10 51 


—42 38 38 
+18 09 36 
—54 42 10 
—46 02 10 
—13 32 32 


+28 45 56 
—56 45 51 
+ 6 25 28 
+ 5 50 36 
=) AAS) US 


—27 42 15 
—60 38 20 
+ 5 57 05 
—85 39 26 
—59 13 25 


+11 51 49 
+48 02 52 
+32 25 28 
—41 14 52 
+41 47 20 


+67 38 08 
—66 23 24 
+47 09 45 
—47 05 30 
—72 35 48 


+38 27 30 
+10 40 27 
—43 25 35 
+51 36 38 
+22 03 06 


+67 08 27 
—58 57 39 
—62 18 39 
—69 42 40 
+43 13 27 


+ 2 19'14 
—57 32 06 
—59 16 08 
+36 48 33 
+34 23 56 


—25 57 33 
—55 00 15 
+26 11 20 
— 8 39 08 
—35 56 41 


f 


G8 IV 
B8 V 
B4 V 
Al Va 
BL.5 111 


G6 II-III 
KO IIIb 

Al Va 

Al Il 

G8 III Fe-1 


G8 II-III 

B3 Vne 

G5: Ill + A: 
AO Vn 

B9p Hg Mn 


K2.5 III 
B7 IL-III 
G9 Illa 
FO Ill 
B2 IV-V 


Adm 

A7 IVn 

G8 III 

G8/K1 IIl+A 
F7 V 


M3) HilibsGaal! 
A5m 

AO IIIn 

K2 Ill 

F8 II 


G7 Ib-II 

B8p Hg Mn 

K4.5 Ib 

FOm 

G9 Illa Fe—0.5 CH-1 


F7 1V-V 
B2UIV-Vi 
B3 III 
Al Ill 
B8p Mn 


B9.5 IV (C II) 
MO0.5 II Ba 0.3 
A7 Ib 

A2 IV- 

K7 Illab 


MO.5 III 
2S, 
K2 Ill 
K3 I-III] 
K3 III 


H14 BRIGHT STARS, J1998.5 


Flamsteed/Bayer HR Right Declination Notes V U-B B-V Spectral Type 
Designation No. Ascension 


h m s 
w Vel 3786 9 30 38.4 | —40 27 36 | vd7 3.60 | —0.03 | +0.36 FO V+ 
3803 9 31 10.6 | —57 01 40 | fv 3:13.4|5 441.89 |) aIo5 K5 III 
23 UMa | 3757 9 31 24.7 | +63 04 07 | fvd 3.67 | +0.10 | +0.33 FO IV 
3821 9 31 35.6 | —73 04 28 | f 5.47 | +1.75 | +1.56 K4 III 
4 » Leo 3773 9 31 38.1 | +22 58 29 | v 4.31 |® +1.89 | +1.54 K4.5 IIIb 
5 fe Leo 3782 9 31 51.9 | +1118 23 | fvd 4.97 | +0.86 | +1.05 G9.5 III 
R Car 3816 9 32 12.4 | —62 46 56 | vmd 4.00 gM5e 
25 6 UMa | 3775 9 32 45.4 | +51 4103 | fdv6 3.17 | +0.02 | +0.46 F6 IV 
3808 9 33 08.3 | —21 06 33 | f 5.01 +1.02 KO III 
10 SU LMi 3800 9 3407.9 | +36 2415 | f 4.55 | +0.62 | +0.92 G7.5 III Fe—0.5 
24 DK UMa | 3771 9 34 21.0 | +69 50 13 | fv 4.56 | +0.34 | +0.77 Gd IIE-ITV 
3825 9 34 24.1 —59 13 22 4.08 | —0.56 | +0.01 Bd Il 
26 UMa | 3799 9 34 43.3 | +52 03 30 4.50 | +0.04 } +0.01 Al Va 
3836 9 36 46.5 | —49 20 54 | d 4.35 | +0.13 | +0.17 A5 IV-V 
3751 9 36 53.0 | +81 2000 | f 4.29 | +1.72 | +1.48 K3 Illa 
3834 9 38 22.6 + 439 22 | f 4.68 | +1.46 | +1.32 K3 III 
35 L Hya 3845 9 39 46.8 — 10810 | fv 3.91 +146 | +32 K2.5 III 
38 K Hya 3849 9 40 14.0 | —14 19 32 | fv 5.06 | —0.57 | —0.15 B5 V 
14 fe) Leo 3852 9 41 04.2 +953 57 | fcd6 3.52 | +0.21 +0.49 F5 II + A5? 
16 w Leo 3866 9 43 39.0 | +1401 43 | fvd 5.39 +1.63 M2* IIlab 
é Ant 3871 9 44 08.1 —27 45 45 | fcd7 4.79 } +0.35 | +0.51 F7 II-III + A&8 V 
r Car 3884 9 45 12.3 | —62 3004 | fvm 3.40 +1.20 F9-G5 Ib 
17 € Leo 3873 9 45 46.0 | +23 46 52 | fv 2.98 | +0.47 | +0.80 G1 Il 
Uv Car 3890 9 47 03.9 | —65 03 54 | md8& 3.15 | +0.13 | +0.27 Aé6 II 
R Leo 3882 9 47 28.7 | +11 2609 | vm 4.40 gM7e 
3881 9 48 29.6 | +46 01 41 | f 5.09 |} +0.10 | +0.62 G0.5 Va 
29 Uv UMa | 3888 9 50 53.0 | +59 02 45 | fvd 3.80 | +0.10 | +0.29 FO IV 
39 vi Hya 3903 9 51 24.4 | —14 50 22 4.12 | +0.65 | +0.92 G8.5 Illa 
24 iv Leo 3905 9 52 40.7 | +2600 51 | fs 3.88 | +1.39 | +1.22 K2 111 CN 1 Cat 
3923 9 54 48.0 | —19 0008 | f6 4.94 | +1.93 | +1.57 K5 III 
co) Vel 3940 9 56 48.6 | —54 33 38 | fd 3.54 | —0.62 —0.08 B5 Ib 
19 LMi 3928 9 57 35.6 | +41 03 46 | f6 5.14 0.00 +0.46 5° V 
n Ant 3947 9 58 48.4 —35 53 02 | fd 5.23 | +0.08 | +0.31 F1 [I-IV 
29 T Leo 3950 | 10 00 08.1 +803 05 | fv 4.70 | +1.93 | +1.60 M27 IIIab 
20 LMi 3951 10 00 55.5 | +31 55 52 | fd 5.36 | +0.27 | +0.66 G3 Va Hé 1 
40, v? Hya 3970 10 05 03.1 —13 03 27 | fv6 4.60 | —0.27 | —0.09 B8 V 
30 n Leo 3975 | 10 07 15.1 +16 46 12 | fsvd 3.52 —0.21 —0.03 AO Ib 
21 LMi 3974 10 07 20.5 | +35 1508 | v 4.48 | +0.08 | +0.18 A7V 
31 Leo 3980 | 10 07 49.5 | +1000 18 | d 4.37 | +1:75 | +1.45 K3.5 IIIb Fe-1: 
15 a Sex 3981 10 07 51.7 — 0 21 51 4.49 | —0.07 —0.04 AO Ill 
32 a Leo 3982 10 08 17.5 | +11 58 28 | fvd6 1.35 —0.36 | —0.11 B7 Vn 
41 Ar Hya 3994 | 10 10 30.9 | —12 20 48 | fd6 3.61 | +0.92 | +1.01 KO II CN 0.5 
w Car 4037 | 10 13 42.1 —70 01 50 | f 3.32 | —0.33 | —0.08 B8 IIIn 
4023 | 10 14 40.4 | —42 06 52 | f6 3.85 | +0.06 | +0.05 A2 Va 
36 ¢ Leo 4031 10 16 36.4 | +23 25 29 | fsvd6 3.44 | +0.20 | +0.31 FO Illa 
33 r UMa | 4033 | 1017 00.4 | +4255 19 | fsm 3.45 +0.03 Al IV 
v337 Car 4050 | 1017 02.0 | —61 19 29 | fvd 3.40 | +1.72 | +1.54 K2.5 II 
Pa € Sex 4042 | 10 17 33.3 — 80341 | f 5.24 | +0.13 | +0.31 Fl IV—- 
AG Ant 4049 | 1018 03.5 | —28 59 04 | fm 5.34 +0.24 AOp Ib-II 


41 7} Leo 4057 | 10 19 53.4 | +19 50 57 | vmd68 2.61 | +1.00 | +1.15 K1— IIlb Fe-0.5 


Flamsteed/Bayer 
Designation 


34 


37 


41 


BRE 


62 


UMa 


Hya 
Ant 
LMi 


Sex 
UMa 
Car 
Leo 
Hya 
UMa 


Cha 


LMi 


Car 
LMi 
Car 


Cha 
LMi 
Leo 
Vel 
Leo 


Hya 
LMi 


Leo 
Ant 


UMa 
Cri 


Leo 
UMa 


Leo 
UMa 
Leo 
Hya 
Car 


HR Right 
No. Ascension 
h m 


10 19 53.7 
10 20 51.5 
10 22 14.4 
10 22)15.7 
10 23 25.3 


10 24 01.5 
10 24 21.9 
10 26 01.1 
10 27 05.0 
10 27 47.8 


10 27 49.4 
10 29 24.1 
10 30 31.9 
10 30 54.2 
10 31 58.2 


10 32 43.9 
10 32 53.1 
10 33 56.6 
10 34 58.1 
10 35 04.0 


10 35 27.1 
10 35 31.8 
10 37 14.3 
10 38 38.2 
10 39 14.8 


10 42 54.1 
10 42 57.7 
10 43 20.1 
10 43 27.6 
10 45 00.2 


10 45 46.1 
10 45 46.9 
10 46 19.7 
10 46 42.3 
10 49 10.7 


10 49 33.1 
10 53 13.7 
10 53 26.0 
10 55 32.0 
10 56 38.9 


10 59 23.0 
10 59 42.1 
11 00 05.1 
11 00 29.0 
11 01 45.1 


11 02 15.0 
11 03 38.2 
11 04 56.4 
11 05 15.6 
11 08 31.5 


BRIGHT STARS, J1998.5 


Declination 


+19 50 53 
—56 02 08 
+41 30 26 
—41 38 33 
—38 00 08 


+65 34 26 
—74 01 26 
—16 49 43 
—31 03 37 
+36 42 54 


—58 43 54 
— 2 43 53 
+55 59 18 
+82 33 59 
—61 40 39 


sip ws ikey ay 
—46 59 44 
—23 44 15 
+75 43 15 
+57 05 26 


—78 36 00 
—57 32' 99 
—48 13 05 
+31 59 03 
—55 35 44 


—64 23 12 
+69 05 03 
+23 11 47 
+46 12 42 
—59 40 35 


—80 31 56 
+30 41 25 
+18 53 58 
—49 24 44 
+10 33 11 


—16 11 09 
+34 13 23 
—58 50 43 
+24 45 28 
—37 07 47 


+40 26 18 
1S 17 27 
—42 13 04 
+ 3 37 32 
+56 23 26 


+20 11 16 
+61 45 32 
+ 7 20 39 
= 2, Li O08. 
—58 58 O1 


H15 


Spectral Type 


G7 III Fe-1.5 
B3 III 

Mo III 

K1 Ill 

A& V 


AOp Hg 
F2 V 

K4t+ III 
K4.5 II 
G9 IIlab 


FO Ib 
B9.5 V 
F8 V 
F4 V 
B4 Vne 


B1 lab 
K1/2 III 
15) VAI 
G8 III 
Fl V 


Mo III 
K5 II 


gK3 


G5 III + F8: V 
A2 V 


K1.5 IIb Hd-0.5 
KOt I-IV 

KO IIIb 

Al IIIn + Al IVn 
KO III 


G1g-V Fe-0.5 
Kot II 

A3 IV 

KO0.5 III Fe—-0.5 
A0m Al IV-V 


A0.5m A3 V 
KO- Illa 
F1 IV 

F3 IV 

G4 0-la 


116 


Flamsteed/Bayer 
Designation 


— 


oom De 


ume 


int Opes, PR! 


UMa 
Crt 


Leo 
Leo 


Leo 
Crt 
UMa 
UMa 
UMa 


Crt 
Cen 
Leo 
Leo 
Gxt 


Leo 
Dra 
Hya 
Cen 


Crt 
Leo 
Hya 
UMa 
Dra 


Cen 
Giny 
Mus 
Vir 
UMa 


Crv 


BRIGHT STARS, J1998.5 


Right Declination 


A Spectral Type 
Ascension 


+44 30 24 | f 
—22 49 04 | f6 
—49 05 34 


+0.06 | —0.01 | A2IV (Kvar) 


+0.14 | +0.21 | A7 Vtn 

+0.15 | +0.20 | A8p Sr Cr 
+0.04 | +0.59 | F8.5 V+ G2V 
+1.55 | +1.40 | K37~ Ill 

+0.03 | +0.12 | Al Va 


+0.97 | -+-1-12 | G9 IIb CH 0.2 
—0.59 | —0.15 | BS Vn 

—0.12 | —0.06 | AO IIIT 

0:07 | =+0-4F |) F2 IV 

+0.11 ) +0:21 | ATV 


UG PAE Spl Lao} : 
11 3119.0 | +69 20 22 | fv 3.84 
11 32 55.7 | —31 50 58 |} fd 3.54 
11 35 42.7 | —63 00 41 | fd 3.13 
1135 51-2 | =47 38 00 | *f 5.25 


+0.79 | +1.00 | G7.5 Ila 
+1.97 | +1-62° |) MO III Ca-1 
+0:71° | +0:94 | G7 il 
—0.17 | —0.04 | B9.5 IIn 
+0782") -F0°25 |} Adm 


11 36 36.3 — 9 47 38 | 'f6 4.70 | /—0°18" | —0.08 || B9-5rVn 


11 36 52.3 — 0 48 56 | fd 4.30 | +0.75 | +1.00 | G8* IIIb 

11 40 08.3 | —34 4411 | f 4. CO |e O-22 ee OUT wo Ni 

11 40 58.3 | +34 12 36 | fsvd §.33 "I--0:20' || --O°72 | G8 V¥ 

1142 23.4 | +66 4511 | f 5.30 +1.28 | K3 III 
11j43°26.9. || —62°28 52” "sy 5.05 | +0.35 | +0.80 | GO 0-Ia Fe 1 
11 44 41.2 | —18 20 33 | f 4.73 | +0.74 | +0.97 | G8 Illa 

11 45 32.1 | —66 43 14 | fd 3.64 | +0.15 | +0.16 | A7IV 

11 45 46.9 + 6 32 16 | fv 4:08 (| oeteo eek ol civil not 

11 45 58.3 | +47 47 16 | fv Soe SEO | HES SF i Ofor LIT 

11 46 26.4 | —61 1012 | fvd Ao |e O08" "10:90 Gs i 

11 47 54.5 | +20 13 38 | fcvd6 4.53 | +0.28 | +0.55 | G4 III-IV + A7 V 
11 48 40.5 | —26 44 29 | fv 5.11 | +1.67 | +1.60 | M4?* III 

11 48 59.0 | +14 34 50 | fvd 2.14 “} 0.07 | 0:09 || A3’Va 

11 49 36.7 | —63 46 49 | v 4.32 |—0.59""| —O0"> | BS Vv 

11 50 37:0 | + 1 46 23 | fd 3.61<|-O. Lt | F-0:o0" |) ROW 

11 51 04.2 | —45 09 55 | f 4.46 |= 1-46" 4) 1°30 |) KS°ril 

11 5250.0 | —33 53 59 | vd7 4.28 *| —0°33"7| —O°n0' I Ap Si 

11 53 45.1 | +53 42 11 | fv6 2.44 | +0.02 0.00 | AO Van 

11 55 35.9 | +15 39 18 | fd6 D005) | Osh2= |e ORE I AS. i 

11 55 56.4 | —17 08 33 | fv 5.18 0.00 | —0.02 | AO Va 

12 00 47.8 + 6 37 22 | fd6 4.66 }---0\1l | +0523 | AS TV 

12 02 57.0 | —63 18 16 | d6 4.33 | +0.04 | +0.27 | A8m 

12 03 34.9 | —42 25 33 | f Odi se OOdee a Oeade We ions 

12 05 08.0 + 8 44 29 | fs 4.12 | +0.63 | +0.98 | G8 IIIa CN-1 Ba1 CH 1 
12 06 48.2 | —64 3619 | d6 4.15 | +0.03 | +0.34 | F2 Vt 
12'08:00.5 |. —50 39 11°|'d 4.47 | —0.67 | —0.15 | B2TIIne 

12 08 16.8 | —50 42 51 | fvd 2.60 *|*—0°90' "| —O0°2 | B21Vne 

12 08 20.1 | —24 43 14 4.02 }'—0.02 | +0:32 | FO IV-V 


125 LOROD 8) 8223640" * fy 3.00 


“pas | et eos ale Keron lita} 


BRIGHT STARS, J1998.5 H17 


Flamsteed/Bayer 


teed /E Right Declination 
Designation 


Ascension Spee 


h m 
12 1134.4 
4646 | 12 12 07.8 


0 —52 21 37 

+77 37 28 

6 Cru | 4656 | 1215 03.9 | —58 44 26 

69 5 UMa | 4660 | 1215 21.1 | +57 02 27 
y  Crv | 4662 | 1215 43.7 | -17 3201 


O20 2e4l i —Oalonl) BSavi 
+0.33-| F2m 

= 0. 9iea |e Os2o0e | a 2elV) 

+0.07 | +0.08 | A2 Van 

—0.34 | —0.11 | B8p Hg Mn 


€ Mus 4671 | 1217 29.3 | —67 57 09 

B Cha 4674 | 1218 15.3 | —79 18 14 
¢ Cru 4679 | 1218 21.3 | —63 59 41 
3 CVn | 4690 | 12 19 44.3 | +48 59 33 
15 n Vir 4689 | 12 19 49.8 — 0 39 31 


55 4) 1258 | MoS Ill 

= 0/5 2a —0N2 jf B5ivin 
—0.69 | —0.17 | B2.5V 
4+1.97 | +1.66 | M1* IIIab 
+0.06 | +0.02 | Al IVt 


16 Vir 4695 | 12 2016.4 | +31915 


+1.15 | +1.16 | KO0.5 IIIb Fe—-0.5 


€ Cru 4700 | 12 21 16.7 | —60 23 35 | v 3.59 | +1.63 | +1.42 | K3 III 
12 Com | 4707 | 12 22 25.8 | +25 5116 | fevd6 4.79 | +0.26 | +0.49 | G5 Ill + A5 
6 CVn | 4728 | 12 25 46.5 | +39 01 37 | f 5.02 | +0.73 | +0.96 | G9 III 
al Cru 4730 | 12 26 30.8 | —63 05 27 | fcmd68 1.58 3 —0.968|3—0:26 5 BOTLV. 
a? Cru 4731 | 12 26 31.5 | —63 05 28 | cmd8 2.09 -——0.96 | —0.26 | BI Vn 
15 oy Com | 4737 | 12 2651.8 | +28 16 36 | m 4.35 Pistoia) KOSI Be 0:5 
o Cen 4743 | 12 2757.5 | —5013 21 | f 3.9 Mie — OS Sik OSLO B2NV 
4748 | 12 2817.7 | —39 0159 | fm 5.44 —0.08 | B8/9 V 
G ) Crv 4757 | 12 29 47.2 | —16 30 26 | fvd7 2.95 \=—0.09' || —0°05; ||) BOISTVen 
74 UMa | 4760 | 12 29 53.2 | +58 2450 | fm 5.32 +0.20 | 6 Del 
a Cru 4763 | 12 3104.9 | —57 0617 | fvd 1.63 WW e-Fie8 =| aloo +) M3.5) LIL 
8 n Crv 4775 | 12 3159.6 | —16 1116 | v6 4731 9)" =- 0201" |) --0°38) | B25V. 
ay, Mus 4773 | 12 3222.5 | —72 07 29 | f 3.87 |: —0.62 | —0.15 | B5 V 
5 K Dra 4787 | 12 33 25.2 | +69 47 47 | fv6 3.87 | —0.57 | —0.13 | B6 IIIpe 
4783 | 12 33 34.5 | +33 15 21 | f 5.42 | +0.83 | +1.00 | KO III CN-1 
8 B CVn | 4785 | 12 33 40.3 | +41 21 56 | fsv6 A 26 sle=t-0205"8 20259) 3 GORY: 
9 B Crv 4786 | 12 3418.5 | —23 2319 | fv 2.65 | +0.60 | +0.89 | G5 IIb 
23 Com | 4789 | 12 34 46.6 | +22 3815 | fd6 4.81 | —0.01 0.00 | AOm Al IV 
24 Com | 4792 | 12 35 03.2 | +18 23 07 | fvd 9.025) =p Ie) Aros KZ er 
a Mus 4798 | 12 3705.5 | —69 07 38 | fvd 2.695 90:83 | 3 —0220) | B2SDV Vi 
Ga Cen 4802 | 12 37 37.2 | —48 31 59 3.86 | +0.03 | +0.05 | Al [Vnn 
26 x Vir 4813 /| 12 39 10.1 = 7 59 15 | fd 4.66 | 1.39) +123 | K2:III CN 1.5 
oy Cen 4819 | 12 41 26.0 | —48 5705 | d67 PME dN cAI SOO |) ANIL IAW 
29 oy, Vir 4826 | 12 41 35.0 — 1 26 28 | cvmd8 3.68 | —0.03 | +0.36 | FOm F2 V 
29 ‘A Vir 4825 | 12 41 35.1 — 1 26 28 | cvmd68 3.65) | —0:03'| -++0.36 | Fl V 
30 p Vir 4828 | 12 41 48.5 | +10 14 38 | fv6 4.88 | +0.03 | +0.09 | AO Va (A Boo) 
4839 | 12 43 55.7 | —28 18 57 | fm 5.48 +1.34 | K3 III 
ny CVn | 4846 | 12 45 03.6 | +45 26 54 | fv 4.99 | +6.33 | +2.54 | C5,5 
32 FM Vir 4847 | 12 45 32.5 + 7 40 53 | fv6 O.22/0\) -OSLOm)| 202335) 2m 
B Mus 4844 | 12 4611.4 | —68 06 00 | d7 3.05 | —0.74 | —0.18 | B2 V+ B2.5 V 
B Cru 4853 | 12 47 37.9 | —59 40 50 | fvd6 1.25 | —1.00' | —0.23 | BO.5 III 
4874 | 12 50 36.3 | —33 59 28 | fd 4.91 | —0.11 | —0.04 | AO TV 
31 Com | 4883 | 12 51 37.5 | +27 32 56 | fs 4.94 | +0.20 | +0.67 | GO IIIp 
4888 | 12 5301.7 | —48 56 06 | 6 4.33 | 41.58 | +1.37 | K3/4 III 
4889 | 1253 21.2 | —40 1015 | f 4.27 | +0.12 | +0.21 | A7 V 
77 € UMa | 4905 | 12 53 57.8 | +55 58 05 | fv6 1.77 | +0.02 | —0.02 |} AOp Cr 
40 w Vir 4902 | 12 54 16.5 — 93151 | fvd 4.79 | +1.53 | +1.60 | M3~ III Ca-1 
[ee Cru 4898 | 12 54 30.3 | —57 1011 | d 4.038 | —0.76 | —0:17 | B2 IV-V 
L Oct 4870 | 12 54 48.4 | —85 06 55 | fd 5.46 | +0.79 | +1:02 | KO TI 


H18 BRIGHT STARS, J1998.5 


Flamsteed/Bayer Right Declination Notes Spectral Type 
Designation Ascension 


8 Dra | 4916 12 55 25.0 +65 26 48 5.24 | +0.02 | +0.28 | FO IV-V 
43 6 Vir | 4910 | 1255 31.7 | +3 24 20 a 3.38 | +1.78 | +1.58 | M3 III 
12 a2 CVn | 4915 | 1255 57.5 | +38 19 35 | fvd 2.90 | —0.32 | —0.12 | AOp Si Eu 
78 UMa | 4931 | 13 00 40.0 | +56 22 28 | svd7 4.93 | +0.01 | +0.36 | F2V 
47 e€ Vir | 4932 | 13.02 06.1 | +10 5802 | fsvd 2.83 |.+0.73 | +0.94 | G8 IIlab 

6 Mus | 4923 | 13 0209.9 | —71 32 27 | f6 3.62 | +1.26 | +1.18 | K2 III 
14 CVn | 4943 | 1305 40.3 | +35 48 25 | fv 5.25 | —0.20 | —0.08 | B9 V 
€2 Cen | 4942 | 1306 49.4 | —49 53 54 | fd6 4.27 | —0.79 | —0.19 | B1.5V 
51 6 Vir | 4963 | 1309 52.3 | —5 3152 | fd6 4.38 | —0.01 | —0.01 | A1IV 
43 6 Com | 4983 | 13 11 48.2 | +2753 09 | fd6 4.26 | +0.07 | +0.57 | F9.5 V 
n Mus | 4993 | 13 15 08.7 | —67 5312 | fvd6 4.80 | —0.35 | —0.08 | B7 V 
5006 | 13 16 48.1 | —31 29 54 | fm 5.10 +0.96 | KO III 
20 AO CVn | 5017 | 13:17 28.5 | +40 3450 | fsv 4.73 | +0.21 | 4-0.30 | F2 III (str. met.) 
60 o Vir | 5015 | 131731.7 | +5 2840 | fv 4.80 | +1.95 | 41.67 | M1 III 
61 Vir | 5019 | 131819.6 | —181811 | fd 4.74 | +0.26 | +0.71 | G6.5 V 
46 y  Hya | 5020 | 13 1850.4 | —23 09 49 | fvd 3.00 | +0.66 | +0.92 | G8 IIIa 
t Cen | 5028 | 13 20 30.7 | —36 42 16 | f 2.75 | +0.03 | +0.04 | A2 Va 
5035 | 13 22 32.0 | —60 5850 | fd 4.53 | —0.60 | —0.13 | B3 V 
79 ¢ UMa | 5054 | 13 2351.9 | +5455 59 | fvmd6s | 2.27 | +0.03 | +0.02 | Al Vat (Si) 
79 ¢  UMa | 5055 | 13 2352.8 | +5455 46 | vmd6 3.95 | +0.09 | +0.13 | Alm A7IV-V 
67 a Vir | 5056 | 13 2506.8 | —110913 | fvmd6 | 0.97 | —0.93 | —0.24 | B1 V 
80 UMa | 5062 | 13 2509.9 | +5459 45 | v6 4.01 | +0.08 | +0.16 | A5 Vn 
68 Vir | 5064 | 13 26 38.4 | —12 4200 | fv 5.25 | +1.75 | +1.52 | MO III 
70 Vir | 5072 | 13 28 21.4) +13 47 12 | fd 4.98 | +0.26 | +0.71 | G4v 
5085~| 13 28 23.8 | +59 5713 | fmd 5.40 | —0.02 | —0.01 | Al Vn 
5089 | 13 3057.4 | —39 2359 | vd67 3.88 dr 03r|o+2aks | Grill 
78 CW Vir | 5105 | 13 3403.4 | +3 4000 | fv6 4.94 | 0.00 | +0.03 | Alp Cr Eu 
79 «=- @ me dNivdy)) 540741 119:84.970alee 0 35:28 [hf 3.37 | +0.10 | +0.11 | A2IV- 
BH CVn | 5110 | 13 34 43.8 | +3711 24 | fv6 4.98 | +0.06 | +0.40 | Fl Vt 
« Cen | 5132 | 13 39 47.5 | —53 27 32 | fvd 2.30 4950:92; |)—Oc22 Nl (Bol TI 
v744. Cen | 5134 | 13 3954.1 | —49 56 33 | svm 6.00 | +1.15 | +1.50 | M6 III 
82 Vir | 5150 | 13 41 32.0 | — 8 41 44 | fv 5.01 | +1.95 | +1.63 | M1.5 III 

1 Cen | 5168 | 13 45 36.1 | —33 02 10 | fv6 4.23 | 0.00 | +0.38 | F2 V+ 

v766 Cen | 5171 | 13 4704.4 | —62 3457 | svd 6.51 | 41.19 | 41.98 | KO 0-Ia 

4 r+ Boo | 5185 | 13 4711.5 | +17 2751 | fvd7 4.50 | +0.04 | +0.48 | F7V 
85 UMa | 5191 | 1347 28.9 | +4919 15 | fv6 1.86 | —0.67 | —0.19 | B38 V 

2 v806 Cen | 5192 | 13 49 21.5 | —34 26 36 | v 4.19 | 41.45 | 41.50 | M4.5 III 

5 uv Boo | 5200 | 13 49 24.3 | +15 4819 | v 4.06 | +1.89 | +1.52 | K5.5 III 

vy Cen | 5190 | 13 49 24.9 | —41 40 49 | v6 3.41 | —0.84 | —0.22 | B2IV 

uw Cen | 5193 | 13 49 31.5 | —42 2759 | fsvd6 3.04 | —0.72 | —0.17 | B2 IV-Vpne (shell) 
89 Vir | 5196 | 13 49 47.4 | —18 07 36 | f 4.97 | +0.92 | +1.06 | KO.5 III 
10 CU Dra | 5226 | 13.51 23.3 | +64 4350 | fvd 4.65 | 41.89 | +1.58 | M3.5 III 

8 7 Boo | 5235 | 13 54 36.8 | +18 2419 | fsd6 2.68 | +0.20 | +0.58 | GOIV 
¢ Cen | 5231 | 1355 26.7 | —47 16 52 | £6 2.55 | —0.92 | —0.22 | B2.5IV 
5241 | 13 57 32.3 | —63 40 46 | f 4.71 | 41.04 | 41.11 | K1.5 III 

@ Cen | 5248 | 1358 10.8 | —42 05 37 | v 3.83 | —0.83 | —0.21 | B2IV 
47 Hya | 5250 | 1358 26.1 | —245754 | f6 5.15 | —0.39 | —0.10-} B8 V 

v' Cen | 5249 | 13.58 35.2 | —44 47 47 3.87 0.8001 )—0720 . hs B2i1V_-V 
93 + Vir | 5264 | 1401 34.2 | + 13306 | fd69 4.26 | +0.12 | +0.10 | AZ IV 


v? Cen 5260 | 14 01 37.8 | —45 35 47 | 6 4.34 |°+0.27 | +0:60 | F6 II 


Flamsteed/Bayer 
Designation 
B Cen 
ll a Dra 
0 Aps 
xX Cen 
49 T Hya 
5 6 Cen 
BY Boo 
4 UMi 
12 Boo 
98 K Vir 
16 a Boo 
99 L Vir 
21 L Boo 
19 Xr Boo 
100 A Vir 
18 Boo 
L Lup 
w Cen 
v761 Cen 
23 é Boo 
7} Lup 
7? Lup 
22 Boo 
6 Oct 
5 UMi 
52 Hya 
105 ro) Vir 
25 p Boo 
27 Y Boo 
a Lup 
28 oO Boo 
n Cen 
p Lup 
33 Boo 
a? Cen 
al Cen 
30 ¢ Boo 
30 6 Boo 
a Lup 
a Cir 
107 Lb Vir 
34 WwW Boo 


36 € Boo 


5270 
5267 
5291 
5261 
5285 


5287 
5288 
5299 
5321 
5304 


5315 
5340 
5338 
5350 


4 02 7. 4 
14 03 43.0 
14 04 20.9 
14 05 10.8 
14 05 57.3 


14 06 17.2 
14 06 35.6 
14 07 52.2 
14 08 51.1 
14 10 19.8 


14 12 48.9 
14 15 35.6 
14 15 56.2 
14 16 06.7 
14 16 19.6 


14 17 56.0 
14519) 017, 
LAN OSES 
14 19 18.4 
14 20 13.2 


14 20 27.9 
14 22 56.6 
14 24 06.9 
14 24 43.5 
14 25 08.7 


14 26 02.4 
14 26 05.0 
14 26 23.2 
14 26 39.7 
14 27 31.6 


14 28 05.1 
14 28 07.5 
14 31 45.9 
14 32 01.1 
14 32 30.8 


14 34 36.9 
14 35 24.7 
14 37 47.1 
14 38 46.9 
14 39 29.0 


14 39 30.3 
14 41 04.6 
14 41 04.7 
14 41 49.8 
14 41 52.0 


14 42 23.1 
14 42 58.9 
14 43 21.4 
14 43 33.9 
14 44 55.3 


BRIGHT STARS, J1998.5 


HR Right li 


Ste 9 4] 37 
=60) 21 57 
+64 22 59 
—76 47 23 
—41 10 21 


—26 40 31 
—36 21 46 
+43 51 42 
+77 33 16 
+25 05 55 


IO aKey (0)! 
=p US) BUI 728) 
— 5 59 36 
sel 2 252 0 
+46 05 43 


+35 30 59 
132151 
+13 00 40 
—46 03 04 
—56 22 47 


—37 52 43 
—39 30 19 
+ 5 49 37 
—24 47 58 
+51 51 28 


—45 12 53 
A) 22 22 
LOA Ol 
—83 39 40 
+75 42 10 


29 29106 
Slo, 
+30 22 41 
+38 18 53 
—50 27 02 


+29 45 06 
—42 09 05 
—49 25 09 
+44 24 39 
—60 49 52 


—60 49 40 
+13 44 05 
+13 44 05 


A 22) 00: 
—37 47 14 


—64 58 07 
— 5 39 06 
+26 32 03 
—35 10 02 
+27 04 50 


6.20 
Ae 0.61 
fsv6 3.65 
fsvm 5.50 
Vv 4.36 
f aril 
fd 2.06 
fv 5.27 
£6 4.82 
{6 4.83 
if 4.19 
fv —0.04 
fv 4.08 
fvd6 4.75 
fv 4.18 
£6 4.81 
fvd6 4.52 
fd 5.41 
Vv S200 
f 4.33 
fd 4.05 
Vv 4.42 
{6 5.10 
fm BY, 
fvd 4.05 
fvd 4.56 
cd67 4.35 
fi 5.39 
Vv 4.32 
fvd 4.25 
fvd 4.97 
fsvd67 4.81 
fvd 3.58 
fvd 3.03 

4.42 
fvd 4.46 
fvd67 Droid 
Vv 4.05 
fm6 5.39 
fmd 1.33 
fmd6 —0.01 
cvmd68 4.43 
cvmd8 4.83 
fvd6 2.30 

4.00 
fvd6 Silks) 
f6 3.88 
fv 4.81 
st 4.05 
md 2.40 


+0.38 
—0.98 
—0.08 
+1.05 
ON 


+1.04 
+0.87 
+1.66 


+0.07 


Shleai 
shadneoal 
+0.04 
+0.06 
+0.05 


+0.92 
+0.12 
—0.03 
0472 
—0.43 


—0.11 
—0.75 
+0.10 


+0.01 


Sle) 
+0.19 
+0.23 
+1.45 
+1.70 


—0.41 
+0.21 
+1.44 
+0.12 
—0.84 


—0.08 
—0.83 
—0.56 
—0.04 
+0.63 


+0.33 
+0.05 
+0.05 
—0.89 
—0.70 


+0.12 
—0.02 
+1.94 
+1.53 


+0.90 
=0:23 
—0.05 
+1.55 
==OxL9 


“ipl 
+1.01 
+1.59 
+1.36 
+0.54 


+1.33 
lu23 
+0.52 
+0.20 
+0.08 


+1.06 
+0.13 
+0.38 
Ons 
+0.12 


—0.03 
—0.18 
+0.12 
+0.96 
+0.50 


=OnS 
+0.43 
+0.23 
+ 1.31 
+1.44 


—0.07 
+0.70 
+1.30 
TO nlg 
= 0519 


+0.36 
=0.19 
—0.15 

0.00 
+0.88 


+0.71 
+0.05 
+0.05 
—0.20 
SOs 


+0.24 
+0.38 
+1.66 
+1.35 
+0.96 


H19 


G8: II: Fe-5 
B1 Ill 

AO III 

M6.5 III: 
B2 V 


K27 III Fe-0.5 
KO7 IIIb 

M4.5 III 

K3~ IIIb Fe-0.5 
F8 IV 


K2.5 III Fe-0.5 
K1.5 III Fe-0.5 
F7 IlI-Iv 

A7 IV 

AO Va (A Boo) 


AO Ill 
B7 IlIp (var) 
A5 V 


KO III 
Ba V 


B2 IV 
F4 IV + A7: 


BQ 
B1.5 IVpne (shell) 
B5 V 
Al V 
K1V 


G2 V 
A2 Va 
A2 Va 
Bue Il 
B3 V 


A7p Sr Eu 
F2 V 

M37 Ill 
K3 IIIb 
Kor T-Ill 


H20 


Flamsteed/Bayer 


Designation 
109 Vir 
56 Hya 
a Aps 
58 Hya 
8 al Lib 
7 B UMi 
9 a? Lib 
fo) Lup 
150-9671 eLib 
16 Lib 
RR UMi 
6 Lup 
K Cen 
19 6 Lib 
42 B Boo 
110 Vir 
20 o Lib 
43 w Boo 
45 Boo 
Xr Lup 
«+ = Lup 
24 L Lib 
¢ Lup 
1 Lup 
3 Ser 
49 é Boo 
De B Lib 
B Cir 
2 Lup 
= Lup 
y TrA 
13 7 UMi 
6 Lup 
¢' Lup 
€ Lup 
¢? Lup 
Y Cir 
5] 2 BY BOO 
12 L Dra 
9) ¥Ser 
3 B CrB 
52 vt Boo 
Kis) Aps 
4 0 CrB 
Sit Lib 


Right 
Ascension 


bh om 5 

14 46 10.4 
14 46 55.0 
14 47 39.5 
14 47 40.1 
14 50 12.0 


14 50 36.2 
14 50 42.5 
14 50 47.7 
14 51 24.1 
14 51 32.5 


14 55 39.2 
14 56 41.2 
14 57 06.3 
14 57 33.5 
14 58 26.0 


14 59 03.8 
15 00 53.5 
15 01 53.4 
15 02 49.5 
15 03 58.9 


15 04 22.9 
15 06 14.1 
15 07 14.1 
15 08 44.5 
15 11 49.8 


15 12 08.1 
15 12 10.6 
15 14 31.8 
15 14 37.3 
15 15 06.9 


15 15 26.5 
15 16 55.6 
15 17 23.7 
15 17 44.3 
15 18 25.7 


15 18 46.0 
15 20 43.8 
15 21 16.4 
15 21 42.6 
15 22 34.7 


15 23 03.6 
15 23 15.5 
15 24 26.0 
15 24 53.8 
15 25 43.2 


15 27 46.0 
15 30 52.5 
15 31 20.8 
15 32 52.2 
15 34 05.8 


BRIGHT 


Declination 


° / a 
+ 1 53 57 
—52 22 38 
—26 04 53 
—79 02 19 
—Zaot Lo 


—15 59 28 
+74 09 42 
—16 02 08 
+59 18 00 
—43 34 09 


—33 50 59 
—11 24 14 
— 4 20 26 
+65 56 18 
—43 07 41 


—42 05 54 
— 8 30 47 
+40 23 47 
+ 2 05 49 
—25 16 34 


+26 57 12 
+54 33 43 
+24 52 30 
—45 16 27 
—48 43 56 


—19 47 10 
—52 05 37 
—31 30 49 
+67 21 09 
+ 4 56 41 


+33 19 13 
— 9) 22739 
—58 47 45 
—30 08 36 
—47 52 11 


—68 40 27 
+71 50 22 
—40 38 32 
—36 15 22 
—44 41 03 


—36 ol 12 
—59 18 56 
+37 22:57 
+58 58 17 
+15 26 00 


+29 06 39 
+40 50 17 
—73 23 04 
+31 21 51 
—10 03 34 


STARS, J1998.5 


Spectral Type 


AO IVnn 

G8 III 

G8/KO III 

K3 III CN 0.5 
K2.5 IIIb Fe-1: 


F3-V 
K4~ Ill 
A3 III-IV 
K4 Ill 

B5 IV 


A0 V 
gk4 

FO IV— 

M4.5 III 

B2 IV 


B2 V 

B9.5 V 

G8 IIIa Fe—0.5 
KOt IIIb Fe—0.5 
M2.5 III 


K25r 

G8 III Fe-1 
BScVv 

B3 V 

B9.5 TVnn 


B9p Si 

G8 Ill 

FO Ib-II 

F8 V 
gKO 


G8 III Fe-1 

B8 IIIn 

A3 Vb 

KO7 Illa CH-1 
B8 V 


Al Il 
A3 III 
B1.5 [Vn 
K4 Ill 
B2siv-V 


B4 V 
Bd IV 
FO IV 
K2 Ill 
M1 Illa 


FOp Cr Eu 

K4.5 IIb Ba 0.5 
Blpne 

B6 Vnn 

K1 I-IV 


BRIGHT STARS, J1998.5 


H21 


h m s of i |e 
5 a CrB 5793 15 34 37.5 +26 43 11 fv6 2.23 | —0.02 —0.02 AO IV 
13 6 Ser 5789 | 15 34 43.9 | +10 32 39 | vmd 4.23 FO IIL-IV + Fo IIIb 
OY, Lup 5776 15 35 02.4 —AlMO9F 43" "die Pres —0.82 —0.20 B2 [Vn 
38 ay Lib 5787 15 35 26.5 —14 47 05 | fd 3.91 +0.74 | +1.01 G8.5 III 
5784 15 36 05.9 AI 3 3 | 5.43 +1550 K4/5 II 
€ TrA 5771 15 36 34.9 —66 18 44 | fd 4.11 +1.16 | +1.17 K1/2 Ill 
39 Vv Lib 5794 15 36 56.0 —28 07 49 | fd 3.58 | +1.58 +1.38 KS onli 
54 oO) Boo 5823 15 37 46.4 +40 21 30 | f 5.24 | +0.53 | +0.88 G7 III-IV Fe-2 
Ww Lup 5797 LOPS (oleae =47,33 45 | dé 4.33 | +1.72 | +1.42 K4.5 Il 
40 af Lib 5812 15 38 33.9 —29 46 23 | 6 3.66 | —0.70 —0.17 B2.5 V 
5798 15 38 42.8 —52 22 04 | fd 5.44 0.00 B9 V 
43 K Lib 5838 15 41 51.6 —19 40 27 | fvd6 4.74 | 41.95 | +1.57 MO~ IIIb 
8 ay, CrB 5849 15 42 40.8 +26 18 O01 vd67 3.84 —0.04 0.00 AO IV comp.? 
16 ¢ UMi | 5903 15 44 06.6 +77 47 57 | fv 4.32 | +0.05 | +0.04 A2 III-IVn 
24 a Ser 5854 15 44 11.7 + 6 25 49 | fd 2.65 | 4+1.24 | +1.17 K2 IIIb CN 1 
28 B Ser 5867 15 46 07.1 +15 25 35 | fd 3.67 | +0.08 +0.06 A21V 
ath Xr Ser 5868 15 46 22.2 ak 288 av 6) 4.43 | +0.11 +0.60 GOm AW: 
5886 15 46 38.6 +62 3615 | f 5.19 +0.04 A2 IV 
35 K Ser 5879 15 48 40.3 | +18 08 46 | fv 4.09 | +1.95 +1.62 MO.5 IIlab 
10 6 CrB 5889 15 49 31.9 | +26 04 22 | s 4.63 | +0.37 | +0.80 G5 IIJ-IV Fe-1 
32 bu Ser 5881 15 49 32.5 73920) 33" 16 3.54 | —0.11 —0.04 AO III 
37 € Ser 5892 15 50 44.5 + 4 28 56 f Big(( I! +0.11 +0.15 Adm 
5 x Lup 5883 15 50 51.8 Sook 225) atG: 3.95 —0.13 —0.04 B9p Hg 
11 K CrB 5901 15 51 10.5 | +35 39 43 | fsd 4.82 | +0.87 | +1.00 K1 IVa 
1 x, Her 5914 1590 2137C4 +42 27 21 f 4.62 0.00 +0.56 F8 V Fe-2 Hd-1 
45 » Lib 5902 15 53 14.8 —20 09 46 | fd6 5.03 —0.56 —0.01 B2IO Vi 
46 6 Lib 5908 15 53 44.4 —16 43 30 4.15 |} +0.81 +1.02 G9 IIIb 
B TrA 5897 15 55 00.6 —63 25 34 fd 2.85 +0.05 +0.29 FO IV 
4] oy Ser 5933 15 56 23.0 | +15 39 59 | fvd 3.85 | —0.03 | +0.48 GI 
5 p Sco 5928 15 56 47.6 —29 12 35 | d 3.88 —0.82 —0.20 B2 IV-V 
13 € CrB 5947 15°57 3125") 2675256 || fsd 4.15 | +1.28 | 41.23 K2 Illab 
CL Dra 5960 Ho lel ove +54 45 14 | fv6 4.95 | +0.05 | +0.26 FO IV 
48, PX ihib 5941 15 58 06.3 —14 16 30 | fv6 4.88 —0.20 —0.10 B5 II Ipe (shell) 
6 7 Sco 5944 15 58 45.7 | —26 06 36 | fvd6 2.89 —0.91 —0.19 Bl V+ B2V 
5943 15 59 24.1 —41 44 25 | f 4.99 +1.00 KO I/II 
Ww GrB 5958 15 59 26.4 +25 55 28 vmd6 2-1) gM3: + Bep 
n Lup 5948 16 00 01.3 —38 23 34 | d8& 3.43 =().83 WEY, B2.5 1Vn 
49 Lib 5954 16 00 14.5 —16 31 45 fd6 5.47 +0.03 +0.52 F8 V 
7 é6 Sco 5953 16 00 14.7 —22 37 03 | fd6 Des3v —0.91 —0.12 B0.3 IV 
13 0 Dra 5986 16 01 51.6 +58 34 09 | f6 4.01 +0.10 +0.52 F8 [V—-V 
E Sco 5977 16 04 17.2 —l1 22 09 | cd7 4.16 | +0.03 +0.45 F6 IV 
8 oe Sco 5984 16 05 21.0 —19 48 05 | fvd6 2.62 | —0.87 —0.07 BO.5 V 
8 B? Sco 5985 16 05 21.3 —19 47 53 | svd 4.92 —0.70 —0.02 B2PVi 
) Nor 5980 16 06 23.1 —45 10 09 | f 4.72 | +0.15 +0.23 Avm 
6 Lup 5987 16 06 29.6 =36.47 54 \ at 4,23 —0.70 —0.17 B2.5 Vn 
9 wi Sco | 5993 | 16 06 43.2 | —20 3955 | s 3.06. |) =0.82 440.04 e|.4BL Vy 
10 we Sco 5997 16 07 19.0 —20 51 53 | v 4.32 | +0.50 +0.84 G4 I-III 
« K Her 6008 | 1608 00.5 | +1703 03 | fvd 5.00 | +0.61 | +0.95 G5 Ill 
dal wy) Her 6023 16 08 43.3 +44 56 20 | fv6 4.26 —0.28 —0.07 B9p Hg Mn 
16 7  CrB | 6018 | 1608 55.0 | +36 29 41 | fvd6 A6..| £0.86 “> +1.010h KI IEEATV 


H22 


Flamsteed/Bayer 


22 


Designation 


Nor 
Oph 
TrA 


AamAL 


UMi 


Ti Her 
iM Nor 


6! Aps 
Sco 
Her 
Ser 
Dra 


3 QraqQ 


Oph 
Her 
Oph 
Nor 
Dra 


ne &-S 


TA 
Sco 
Her 
Oph 
Oph 


eo YaRy 


Oph 
Aps 
Her 
Sco 


Si a) 


¢ Oph 
Her 
¢ Her 


n Her 
B  Aps 


€ UMi 
a TrA 


n Ara 
Oph 
€ Sco 
Her 
LU Sco 


Sco 
Her 
i Oph 
CA Sco 
kK Oph 


HR Right Declination | Notes 
No. Ascension 


6079 
6027 
6024 
6056 
6030 


6116 
6075 
6077 
6092 
6072 


6020 
6084 
6095 
6093 


6132 


6104 
6117 
6118 
6115 
6161 


6098 
6134 
6148 
6149 
6147 


6143 
6153 
6102 
6168 
6165 


6166 
6175 
6200 
6212 
6196 


6220 
6163 
6237 
6322 
6217 


6229 
6243 
6241 
6270 
6247 


6252 
6279 
6281 
6271 
6299 


16 45 16.1 
16 46 07.1 
16 48 30.3 


16 49 39.3 
16 49 45.1 
16 50 04.0 
16 51 41.5 
16 51 46.1 


16 52 14.0 
16 52 54.6 
16 53 56.2 
16 54 28.7 
16 57 35.8 
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$75 52 53 
92724 
—54 37 36 
— 3 41 26 
—63 40 55 


+75 45 32 


— 4 41 20 
—30 54 12 
+46 19 01 
—50 09 07 


—78 41 32 
—25 35 22 
+19 09 24 
+ S2.016 57 
+61 31 03 


—20 02 02 
+14 02 12 
AS 2a 5 Lal 
—47 33 06 
+68 46 17 


—70 04 52 
—26 25 44 
+21 29 34 
+159 14 
—16 36 34 


—34 42 04 
—21 27 48 
—78 53 38 
+42 26 24 
—28 12 47 


—35 15 10 
—10 33 51 
+48 55 53 
+31 36 20 
— 1794422 


+38 55 30 
—T7 30 52 
+56 47 04 
+82 02 24 
—69 01 31 


—59 02 20 


+24 39 32 
—38 02 42 


—38 00 54 
+31 42 15 
+10 10 04 
—42 21 32 
+922 38 


Spectral Type 


B8 V 

B2 IVp 
G8 III 
MO.5 III 
G2 Ib-Ila 


F5 V 


G9.5 IIIb Fe-0.5 


F6 III 
B5 IV 
K1+ III 


M4 Illa 
B1 Ill 

AQ IIIbn 
FRIVSN 
G8~ Illab 


KO7 II-III 
B9p Cr 
B1.5 Ve 
B4 V 

B9.5 III 


F9 V 
M1.5 Iab—Ib 


G7 IIa Fe-0.5 


A1IV 
G8* Illa 


B2 III-IV 
Ap Sr Cr 
G8/KO III 
AO IIIn 
BO V 


Ko UT 
09.5 Vn 
M37 IIlab 
GO IV 


G7.5 IEF-III CN 1 Ba 0.5 


G7 III Fe-1 
KO Ill 
F2 vt 
G5 Ill 
K2 IIb-IIla 


K5 Ill 
F7 Ill 
K2 Ill 


KO.5 IIIa Ca 0.5 


B1.5 [Vn 


B2 IV 
B2-V 

B8 V 
K3.5 IIb 
K2 Ill 


Flamsteed/Bayer 
Designation 


G Ara 
eg Ara 
58 € Her 
59 Her 
60 Her 
22 ¢ Dra 
35 n Oph 
n Sco 
64 a} Her 
65 6 Her 
67 T Her 
v656 = Her 
72 Her 
53 V Ser 
40 rd Oph 
42 6 Oph 
L Aps 
B Ara 
Y Ara 
44 Oph 
49 o Oph 
45 Oph 
23 B Dra 
34 Vv Sco 
76 Xr Her 
6 Ara 
a Ara 
27 Dra 
24 vi Dra 
25 v2 Dra 
23 6 UMi 
35 r Sco 
55 a Oph 
28 ey) Dra 
6 Sco 
55 & Ser 
85 iy Her 
56 fo) Ser 
31 w Dra 
K Sco 
84 Her 
58 Oph 
60 B Oph 
UL Ara 
n Pav 
86 LU Her 
3 x Sgr 


16 58 29. it 
16 59 27.9 
17 00 13.9 
17 00 58.9 
17 01 33.0 


17 05 18.5 
17 08 46.9 
17 10'17.5 
17 12 02.8 
17 14 34.8 


17 14 58.2 
17 14 59.7 
17 20 14.9 
17°20"36:2 
17 20 44.6 


17 20 54.8 
WZ ooel 
17 21 55.8 
17 25 10.5 
17 25 16.1 


17 26 16.7 
17 26 26.4 
17 26 33.1 
17 27 15.5 
17 30 23.9 


17 30 39.7 
17 30 40.7 
17 30 57.8 
17 31 43.5 
17 31 58.2 


17 32 08.8 
17 32 14.2 
17 32 41.6 
17 33 30.4 
17 34 51.9 


17 36 26.6 
17 36 57.6 
TRB TLE 
17 37 30.0 
17 39 25.4 


17 41 19.8 
17 41 57.9 
17 42 23.0 
17 43 17.9 
17 43 20.4 


17 43 23.9 
17 44 01.6 
17 45 35.1 
17 46 24.0 
17 47 28.0 


BRIGHT STARS, JH993.5 


Right 


55 59 16 
—53 09 30 
+30 55 43 
— 413.14 
+33 34 13 


+12 44 34 
+65 42 59 
—15 43 23 
—43 14 14 
+14 23 31 


+24 50 27 
+36 48 39 
+18 03 31 
+32 28 11 
—12 50 43 


—21 06 41 
—24 59 53 
=O OF 1S) 
—55 31 43 
—56 22 35 


—24 10 27 
+ 4 08 30 
— 5 05 07 
—29'91 57 
+52 18 09 


—37 17 41 
+26 06 42 
—60 40 58 
—49 52 30 
+68 08 10 


+55 11 07 
+55 10 26 
+86 35 15 
—37 06 10 
+12 33 40 


—38 38 04 
+68 45 31 
—42 59 49 
—15 23 52 
+46 00 26 


—12 52 29 
+72 08 59 
—39 01 46 
+24 19 42 
—21 40 57 


+ 4 34 04 
—51 50 00 
—64 43 24 
+27 43 17 
—27 49 49 


£6 


fvd6 
fv 

fv 
fvd 
d7 


d7 
fvd6 
fvd7 


fd6 


fvd6 
fvd6 
f 

fvd6 
fvd6 


fd6 


3.13 
4.06 
3.92 
4.82 
5.25 


4.91 
SLT 
2.43 
3.33 
3.08 


3.14 
3.16 


lot 
aA: 
(0-10 
+1.83 
+0.02 


+0.05 
—0.43 
+0.09 
+0.09 
+1.01 


+0.08 
+1.66 


+1.60 
+1.45 
—0.01 
+1.48 
+0.02 


ay 
—0A2 
+0.06 
+0.41 
+1.44 


+0.08 
+1.44 


H23 


K4 II 
K4 Illab 
AO IVt 
K4 Ill 
A3 IV-Vs 


A4 IV 

Bé6 III 

A2 Vat (Sr) 
F2 V:p (Cr) 
M5 Ib-II 


Al Vann 
K3 Il 
M1* IIlab 
G0 V 
A1.5 IV 


1) NE 
B2 IV 
B8/9 Vn 
K3 Ib-Ila 
B1 Ib 


A9m: 
K2 II 
F2 V 
6 Del 
G2 Ib-Ila 


B2 IV 
K3.5 III 
B8 Vn 
B2 Vne 
G9 IIIb 


A7m 
A7m 
Al Van 
B1.5 IV 
A5 Vnn 


G8/KO III/IV 
F4V 

F1 II 

FO IIIb 

B3 IV 


A2 Va 
F5 V 
Blot 
G2 IIIb 
F7 V: 


K2 III CN 0.5 
GS V 

K1 Ila CN 1 
G5 IV 

F3 I 


H24 


Flamsteed/Bayer 
Designation 
ui Sco 
62 Y Oph 
35 Dra 
32 fs Dra 
89 v44 Her 
91 0 Her 
33 Y Dra 
92 fa Her 
94 Vv Her 
64 V Oph 
93 Her 
67 Oph 
68 Oph 
W Sgr 
70 Oph 
10 Y Ser 
0 Ara 
2 Oph 
103 fo) Her 
T Pav 
102 Her 
€ Tel 
13 b Sgr 
36 Dra 
1 Sgr 
1 K Lyr 
43 w Dra 
74 Oph 
19 0) Sgr 
44 x Dra 
58 n Ser 
E Pav 
109 Her 
39 Dra 
20 € Sgr 
a Tel 
22 Xr Sgr 
¢ Tel 
ay Sct 
60 Ser 
0 Cra 
a Sct 
3 a Lyr 
é6 Sct 
¢ Pav 
€ Sct 


HR Right 
No. Ascension 
h m Ss 


6615 
6629 


17 47 28.8 
17 47 49.1 
17 49 31.0 
17 49 45.4 
17 53 30.2 


17 55 21.6 
17 56 12.1 
17 56 34.3 
17 57 42.4 
17 58 26.7 


17 58 56.6 
17 59 59.4 
18 00 34.2 
18 01 40.6 
18 04 55.5 


18 05 22.8 
18 05 42.7 
18 06 30.9 


"18 07 16.7 


18 07 26.1 


18 07 29.0 
18 08 26.2 
18 08 41.7 
18 11 07.1 
18 13 40.4 


18 13 53.3 
18 17 00.0 
18 17 31.6 
18 19 48.6 
18 20 46.7 


18 20 47.6 
18 20 53.9 
18 21 05.0 
18 21 13.9 
18 23 05.3 


18 23 38.1 
18 23 53.2 
18 24 04.4 
18 26 51.8 
18 27 52.7 


18 28 43.0 
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—40 07 36 
+ 2 42 28 
+76 57 47 
—37 02 35 
+56 52 22 


+26 03 01 
+37 15 02 
sptayll PAY ZI 
+29 14 53 
+30 11 22 


— 9 46 25 
+16 45 03 
+ 2 55 54 
ae ie if ee) 
—29 34 49 


ees PAS) RSS) 
—30 25 27 
—50 05 30 
+ 9 33 49 
+43 27 42 


+28 45 44 
—63 40 07 
+20 48 51 
—45 57 17 
—21 03 34 


+64 23 48 
—56 01 26 
—36 45 44 
+36 03 50 
=| Gale) i: 


+ 3 22 35 
—29 49 44 
+72 43 56 
= 203 Ot 
—61 29 41 


+21 46 08 
+58 47 59 
—34 23 08 
—45 58 10 
=20020 22 


—49 04 19 
—14 34 01 
e591 
—42 18 49 
— 8 14 43 


st 980 Gi iG 
+38 46 56 
= 910d io 
= (lia25 A 
— 816 36 


fsd6 
f6 

f 

fd 
fd 


fsv6 
fv 
fsd 
fv 

Vv 


f 

f 

fsd 
vd67 
vmd6 


d67 
fv6 
f 
fd6 
$6 


fv6 
v6 

d 

fd 
fvd6 


f 

f6 
fvd7 
fv 
vd67 


fd 

fd 
fvd6 
fvd 
fvd67 


fsvd 
d6 
fd 

f 

r 


+0.27 
+0.04 
+0.08 
+1219 


ae Li21 


+0.27 
+1.46 
= LiSiG 
+0.70 
+0.15 


+0.88 
i la2d 
—0.62 

0.00 


+0.54 
O50 
—0.85 
+0.10 
+0.71 


—0.07 
+0.18 
—0.81 
+0.78 
—0.49 


—0.04 
—0.69 
= tal 
{1219 
—0.33 


+0.51 


F2 Ia 
AO Van 
F7 IV 
K2 III 
K2 Ill 


F2 Ibp 

Kl Da.CNe2 
K5 III 

G8.5 III 
F2m 


G9 Illa 
KO0.5 IIb 
B5 Ib 
A0.5 Van 
GO Ib/II 


KO, 

KO* III 

B2 Ib 

A5 IV-V 

G8 III CN-1 CH-3 


AO II-III 
A7p Sr 
B2 IV 
KO III 
BQ la 


F5 V 

B3 IlIpe 

M3.5 IIlab 

K2- IIlab CN 0.5 
AOp Si 


G8 Ill 
K2.5 Ila CN 0.5 


K2 Illab 

A2 Va 

AO II~n (shell) 
B3 IV 

K1 IIb 


G8/KO III 
A2 IlI- 
KO Ul 

G8 II 

K3 III 


F5 IIIs 
AO Va 
F2 III (str. met.) 
KO Il 
G8 IIb 


BRIGHT 


STARS, J1998.5 


—- 
Flamsteed/Bayer i ea 
Decienation Rd Reet Decision mores y cee 
h m Ss o—/ " 

GQ Lyr 7056 | 18 44 43.3 | +37 36 12 | vd6 4.36 | +0.16 
20 ro) Sgr 7039 18 45 33.8 | —26 59 33 | fd6 3.17 | —0.36 
110 Her 7061 18 45 35.9 | +20 32 41 | fvd 4.19 | +0.01 
7064 | 18 46 00.9 | +26 39 38 | f 4.83 | +1.23 

50 Dra 7124 18 46 25.1 | +75 2556 | fm6 RS 
atalal Her 7069 18 46 57.3 | +18 10 47 | fd6 4.36 | +0.07 
B Sct 7063 18 47 05.7 — 44458 | f6 4.22 | +0.81 
Re Set 7066 18 47 24.2 — 5 42 25 | sv 5.20 | +1.64 

n} CrA | 7062 18 48 44.0 —43 40 55 | f 5.49 
10 B Lyr 7106 18 50 01.5 | +33 21 39 | fcvd6 3.45 | —0.56 
47 fo) Dra (25 18 51 10.8 | +59 23 11 | fd6 4.66 | +1.04 
r Pav (OTA S| 8) 52° 04.7% | —62 11922 "| fd 4.22 | —0.89 
x Oct 6721 18°53 55:8 | —87 36 28 |>f 5.28 | +1.60 
52 Uv Dra 7180 | 18 54 25.0 | +7117 43 | f6 4.82 | +1.10 
12 62 Lyr TOES) 4) ay Dei +36 53 49 | vd 4.30 | +1.65 
34 o Sgr 121 T855) 10:4 9 — 26) lieo 5-1 fd 2.02 | —0.75 
13 R Lyr 7157 | 18 5517.4 | +43 56 39 | fsv6 4.04 | +1.41 
63 6} Ser 7141 18 56 08.7 + 41206 | fvd 4.61 | +0.10 

K Pav 7107 | 18 56 47.9 | —67 1408 | vm 3.90 
37 &? Sgr 7150 NSS es Se4 —21 06 31 | f 3.51 | +1.13 

Xr Tel 7134 18 58 20.6 —52 56 27 | fm6 5.03 
14 y Lyr 7178 18 58 53.3 | +32 4115 | fvd 3.24 | —0.09 
13 € Aql 7176 18 59 33.3 | +15 03 58 | fd6 4.02 | +1.04 
12 Aql 7193 19 01 36.0 — 5 44 28 | v 4.02 | +1.04 
38 ¢ Sgr 7194 19 02 31.0 —29 52 57 | d67 2.60 | +0.06 
39 fo) Sgr C2 elo 0485.6) |) —2 144538" avd 3.77 | +0.85 
U7 ¢ Aql 7235 19 05 20.5 | +13.51 40 | fvd6 2.99 | —0.01 
16 Xr Aql 7236 19 06 10.2 — 453 06 | f 3.44 | —0.27 
Y Cray! 7226 19 06 19.0 —37 03 56 | md68 9.017 | --0:02 
40 T Sgr 7234 19 06 50.8 —27 40 22 | f6 Bove || splleilss 
18 L Lyr 7262 19 07 14.9 | +36 05 52 | f 5.28 | —0.51 
a CrA| 7254 19 09 22.2 — Sip O40 et 4.11 +0.08 
41 T Sgr 7264 19 09 40.5 | —21 01 34 | fvd7 2.89 | +0.22 
B Gigs. | WAS) 19 09 55.5 —39 20 36 “aumielt +1.07 
Di 6 Dra 7310 19 12 33.3 | +67 39 32 | fd 3.07 | +0.78 
20 Aql 7279 OME 5r8 = oy BY) | wz 5.34 —0.44 
20 n Lyr 7298 19 13 42.5 | +39 08 36 | vd6 4.39 —0.65 
60 Te Dra 7352 19 15 34.8 | +73 2110 | fv6 4.45 | +1.45 
21 0 Lyr HANG! 19 16 19.0 | +38 07 52 | fvd 4.36 | --1.23 
1 K Cyg 7328 HOM O4am +53 21 56 | fv6 3.77 | +0.74 

43 Sgr 7304 19 17 32.8 —18 57 21 fmd 4.96 
25 sw Aql NS) NOM AAS. aR Sheda fet 5.28 | +0.22 
44 p) Ser 7340 19 21 35.2 —17 5100 |} vd 3.93 | +0.13 
46 Uv Sgr 7342 19 21 38.5 —15 57 29 | fvd6 4.61 —0.53 
le Sgr aK UO D238 A427 43a \=td 4.01 —0.39 
Be Ser 7343 19 23 06.7 —44 48 10 4.29 | +0.07 
a Ser 7348 19 23 47.0 —40 37 08 | f6 3.97 | —0.33 
31 Aql 7373 19 24 53.9 | +11 56 28 | fvd 5.16 | +0.42 
30 é Aql ROG 19 25 25.4 SES T OG 42a ivdo 3.36 | +0.04 
6 a Vul 7405 19 28 38.6 | +24 39 42 | fvd 4.44 | 41.81 


H25 


Spectral Type 


Adm 
B8 III 
F6 V 

K2 Ill 
Al Vn 


A3 Vat 

G4 Ila 

KO Ib:p Ca-1 
A2 Vn 

B7 Vpe (shell) 


G9 III Fe-0.5 
B2 II-Ill 

K3 III 

KO III CN 0.5 
M4 II 


B3 IV 

M6 III (var) 
A5 V 

F5 I-Il 

K1 II 


AO III* 

Bg Il 

Kl~ Ill CN 0:5 
K1 ill 

A2 IV-V 


G9 IIIb 

AO Vann 

AO IVp (wk 4481) 
F7 IV-V 

K1.5 IIIb 


B6 IV 
A2 IVn 
if) WIL 
KO II 
G9 Ill 


B3 V 

B2.5 IV 

K2T IIIb CN 1 
KO II 

G@ VW 


G8 II-III 
FO IV 
FO I1L-IV 
Apep 
B8 V 


FO IV 

B8 V 

G7 IV Hé 1 
102) JINN 
MO0.5 IIIb 


H26 BRIGHT STARS, J1998.5 


Flamsteed/Bayer HR Right Declination Notes Spectral Type 
Designation No. Ascension 


10 £2 Cyg | 7420 19 29 40. 1 +51 43 36 3.79 | +0.11 | +0.14 | A4 V 
36 Aql 7414 | 19 30 35.1 — 2 47°32 a 5.03 | +2.05 | +1.75 | M1 IIIab 
6 B Cyg | 7417 | 19 30 39.7 | +27 57 23 | fevmd8 3.24 | +0.62 | +1.13 | K3 II + B9.5 V 
8 Cyg | 7426 | 19 31 43.0 | +34 26 59 | f 4.74 | —0.65 | —0.14 | B3 IV 
61 o Dra | 7462 | 19 32 21.8 | +69 39 31 | svd 4.68 | +0.38 | +0.79 | KO V 
38 LU Aql 7429 | 19 34 01.0 + 22532 | Hyd 4.45 | +1.26 | +1.17 | K37 IIIb Fe 0.5 
L Tel 7424 | 19 35 06.3 | —48 06 09 | f 4.90 +1.09 | KO III 
13 0 Cyg | 7469 | 19 36 24.1 | +50 1303 | fd 4 AS |) =0.03 AEF 0.38 EF 4 Vi 
52 Sgr 7440 | 19 36 37.0 | —24 5313 | fvd 4.60 | —0.15 | —0.07 | B8/9 V 
41 L Aql 7447 | 19 36 38.6 — 117 24 | vd 4.36 | —0.44 | —0.08 | B65 III 
39 K Aql 7446 | 19 36 48.6 = (OMRON) | tev. 4.95 | —0.87 0.00 | BO.5 IlIn 
5 a Sge 7479 | 19 40 01.8 | +1800 37 | d 4.37 | +0.43 | +0.78 | G1 II 
54 Sgr 7476 | 19 40 38.2 | —16 17 48 | fvd 5.30 | +1.06 | +1.13 | K2 III 
7495 | 19 40 47.5 | +45 3116 | svd 5.06 | +0.15 | +0.40 | F5 II-III 
6 B Sge 7488 | 19 40 58.9 | +17 28 21 | f 4.37 | +0.89 | +1.05 | G8 IIIa CN 0.5 
16 Cyg | 7503 | 19 41 46.5 | +50 3118 | sd 5.96 | +0.19 | +0.64 | G1.5 Vb 
16 Cyg | 7504 | 19 41 49.6 | +50 3050 | sd 6.20 | +0.20 | +0.66 ; G3 V 
55 Sgr 7489 | 19 42 26.0 | —16 07 39 | fd6 5.06 | +0.09 | +0.33 | FO IVn: 
10 Vul 7506 | 19 43 39.2 | +25 46 06 | f 5.49 19+0.67 })+0.93,}1G8 Hl 
15 Cyg | 7517 | 19 44 13.4 | +37 21 02 | f 4.89 | +0.69 | +0.95 | G8 III 
18 6 Cyg | 7528 | 19 4455.7 | +45 07 37 | vd67 2.87 |- —0.10 | —0.03 | B9.5 III 
50 Gy Aql 7525 | 19 46 11.3 | +10 36 34 | fd 2.72 | +1.68 | +1.52 | K3 I 
56 Sgr 7515 | 19 46 16.5 | —19 45 53 | fm 4.86 +0.93 | KOT III 
t 6 Sge 7536 | 19 47 19.3 | +18 3150 | fcvd6 3.82 | +0.96 | +1.41 | M2II+ A0V 
Vy Tel 7510, | 19 47 53.9 | —56 21 59 | f 5.35 +0.20 | A9 Vn 
63 € Dra | 7582 | 19 48 10.7 | +7015 51 | vd67 3.83 | +0.52 | +0.89 | G7 IIIb Fe-1 
x Cyg | 7564 | 19 50 30.4 | +32 54 37 | vd 4.23 | +0.96 | +1.82 | S6+/le 
53 a Aql 7557 | 19 50 42.6 + 85151 | fd 0.77 | +0.08 | +0.22 | A7 Vnn 
v3961 Sgr 7552 | 19 51 44.6 | —39 52 42 | sv6 5.33 | —0.22 | —0.06 | AOp Si Cr Eu 
7589 | 19 51 56.4 | +47 01 24 | sv 5.62 | —0.97 | —0.07 | O9.5 Iab 
9 Sge 7574 | 19 5217.8 | +18 4005 | sv6 6.23 | —0.92 |.+0.01 | O8 If 
55 n Aql 7570 | 19 52 23.8 + 100 06 | fv6 3.90 | +0.51 | +0.89 | F6-G1 Ib 
v1291 Aql 7575 | 19 53 14.0 — 307 06 | fsv 5.65 | +0.10 | +0.20 | A5p Sr Cr Eu 
L Sgr 7581 | 1955 09.5 | —41 52 21 | f 4.13 | +0.90 | +1.08 | G8 III 
60 B Aql 7602 | 19 55 14.4 + 6 2411 | fvd 3.71 | +0.48 | +0.86 | G8 IV 
21 ” Cyg | 7615 | 19 56 15.0 | +35 04 46 | fvd 3.89 =| +0.89 } +1:02 | KO III 
61 Sgr 7614 | 19 5751.9 | —15 29 44 | fm 5.02 +0.05 | A3 Va 
12 a Sge 7635 | 19 58 41.4 | +19 2917 | fsv 3.47 +) 471-93 | -F 1.57%, | >MO= IIT 
6p} Sgr 7623 | 19 59 38.3 | —35 1650 | £6 2:30 tp —Ol67 sig —ONlS eB OS TV 
€ Pav | 7590 | 20 00 25.2 | —72 5453 | fv 3.96 | —0.05 | —0.03 | AO Va 
15 NT Vul 7653 | 20 01 02.3 | +27 4458 | fv6 4.64 | +0.16 | +0.18 | A7m 
62 v3872 Ser 7650 | 20 02 34.0 | —27 4251 | fv 4.58 | +1.80 | +1.65 | M4.5 III 
E Tel 7673 | 2007 16.3 | —52 5307 | fv6 4.94 | +1.84 | +1.62 | M1 Ilab 
6 Pav | 7665 | 20 08 34.8 —66 11 10 |} fv 3.56 | +0.45 | +0.76 | G6/8 IV 
1 K Cep | 7750 | 20 08 56.5 | +77 42 25 | fd7 4.39 | —0.11 | —0.05 | B9 III 
28 vl624 Cyg | 7708 | 20 09 22.3 | +36 5007 | fv6 4.93 4.0.77 -| —0.13_ | B2%5.V 
65 0 Aql 7710 | 20 11 13.7 — 0 49 34 | fd6 3.23 | —0.14 | —0.07 | B9.5 Iltt 
33 Cyg | 7740 | 2013 21.8 | +56 33 47 | fv6 4.30 | +0.08 | +0.11 | A3IVn 
31 o} Cyg | 7735 | 20 13 35.1 | +46 44 12 | fevd6 3.79 | +0.42 | 41.28 | K211+ B4av 


67 p Aql 724 | 20 1412.5 | +15 11 35 | £6 4.95 | +0.01 | +0.08 | Al Va 


Flamsteed/Bayer 
Designation 
32 0? Cyg 
24 Vul 
5 al Cap 
34 P Cyg 
6 a? Cap 
9 B Cap 
37 oy Cyg 
39 Cyg 
Qa Pav 
41 Cyg 
2 0 Cep 
69 Aql 
73 AF Dra 
2 € Del 
a Ind 
6 B Del 
71 Aql 
29 Vul 
7 K Del 
9 a Del 
15 Uv Cap 
49 Cyg 
50 a Cyg 
11 ) Del 
n Ind 
B Pav 
3 n Cep 
Sy Cyg 
16 w Cap 
do € Cyg 
72 2 Del 
54 Xr Cyg 
2 € Aaqr 
3 EN Aqr 
L Mic 
55 vl661 Cyg 
18 wW Cap 
6 bb Aqr 
32 Vul 
B Ind 
58 V Cyg 
33 Vul 
20 AO Cap 
59 v832)' | Cyg 
Y Mic 
¢ Mic 


Oct 


Right 
Ascension 


h m s 
20°15 25.5 
20 16 43.2 
20 17 33.9 
20 17 43.9 
20 17 58.3 


20 20 55.6 
20 22 10.5 
20 23 06.2 
20 23 48.0 
20 25 31.8 


20 29 20.1 
20 29 33.4 
20 29 34.3 
20 31 31.7 
20 33 08.5 


20 37 27.8 
20 37 28.7 
20 38 15.6 
20 38 27.3 
20 39 03.4 


20 39 34.1 
20 39 57.8 
20 40 58.9 
20 41 22.8 
20 43 23.3 


20 43 55.8 
20 44 49.5 
20 45 15.6 
20 45 18.9 
20 45 36.0 


20 46 00.4 
20 46 09.0 
20 46 35.3 
20 47 21.0 
20 47 35.7 


20 47 39.5 
20 48 23.1 
20 48 53.3 
20 51 43.9 
20 52 34.4 


20 54 29.8 
20 54 41.6 
20 56 31.6 
20 57 07.1 
20 58 12.3 


20 59 31.0 
20 59 46.5 
ZAVOLEU2: 0 
2AMO 225202 
21 04 32.4 


BRIGHT STARS, J1998.5 


Z 3 


+47 42 35 
+24 39 59 
—12 30 46 
+38 01 42 
—12 32 58 


—14 47 10 
+40 15 07 
Ho 20nill 7 
+32 11 07 
—56 44 24 


+30 21 49 
+62 59 21 
— 2 53 26 
+74 56 58 
11 17753 


—47 17 49 
+14 35 24 
— 1 06 38 
+21 11°45 
+10 04 51 


+15 54 24 
—18 08 38 
+32 18 06 
+45 16 30 
+15 04 09 


—51 55 35 
—66 12 31 
+61 49 59 
+57 34 28 
+30 42 51 


—25 16 35 
+33 57 53 
+16 07 08 
+36 29 07 
— 9 30 05 


— 5 02 00 
—43 59 39 
+46 06 31 
—26° 55129 
— 8 59 20 


+28 03 07 
—58 27 36 
+44 55 09 
+41 09 41 
= 2 LOR? 


iS) Oy 3} 
+47 30 54 


—32 15 49 
—38 38 15 
—77 01 47 


cvd6 
fm 
fd6 
Sv 


fmd6 


fcd67 
fsvd 
f 

s 
fvd6 


fv 


fvd6 
f 
sd6 
fsvd 
fv6 


fm 
fc6 


+1.03 


H27 
B-V Spectral Type 
+1.52 | K3 II + B9: V 
+0.95 | G8 III 
+1.07 | G3 Ib 
+0.42 | Blpe 
+0.94 | G9 III 
+0.79 | KO II: + A5dn: V: 
+0.68 | F8 Ib 
+0.97 | G8 III-IV 
+1.33 | K2.5 III Fe—0.5 
0209)" B2ia Vi 
+0.40 | F5 II 
+0.20 | A7m 
=jdeto’|| HC2PTTT 
+0.07 | AOp Sr Cr Eu 
= 08037) sBouiT 
+1.00 | KO III CN-1 
+0.44 | FS IV 
+0.95 | G7.5 IIa 
—0.02 | AO Va (shell) 
+0371 | G21V 
—0.06 | B9IV 
+1.66 | M1 III 
+0.88 | G8 IIb 
+0.09 | A2 Ia 
+0.32 | FOm 
+0.27 | AX IV 
+0.16 | A6 IV— 
+0.92 | KOTV 
+0.54 | F8 IV-V 
+1.05 | KO IIIa 
+0.43 | F4 V 
+1.03 | KO III 
+1.04 | KIL IV 
—0.11 | B6IV 
0.00 | Al III~ 

+1.65 | M3 III 
+0.35 | F1LIV 
+0.41 | B2.5 Ia 
+1.64 | MO III Ba 0.5 
+0.32 | F2m 
+1.48 | K4 III 
+1.25 | K1 II 
+0.05 | O6 V 
+0.02 | AO.5 IIIn 
+1.40 | K3.5 III 

B9psi 
—0.05 | B1.5 Vnne 
+0.89 | G8 III 

F3 V 
+0.49 | G2 III + A7 Ill 


H28 


Flamsteed/Bayer 
Designation 


m2 ct '9 


v337 


Right 
Ascension 


BRIGHT 


Declination 


21 07 02.4 


21 07 26.3 
21 09 30.8 
2A, LO} 31 
21 12 52.4 
21 13 12.0 


ZLB 22 
21 14 24.5 
21 14 43.9 
21 15 44.9 
21R eZ 


21 17 50.9 
2117 51.4 
21 18 32.6 
21 19 45.6 
21 20'°39.9 


2122-01.0 
21 22 09.8 
21 24 06.6 
21 25 43.3 
212651973 


21 26 34.9 
21 28 38.3 
21 28 38.5 
21 29 23.6 
21 29 52.8 


21 31 28.8 
21 33 55.5 
21 36 53.4 
21 37 40.3 
21 37 41.2 


21 37 52.8 
21 40 00.5 
21 40 07.5 
21 41 18.8 
21 41 54.0 


21 43 27.7 
21 44 06.7 
21 44 26.5 
21 44 34.6 
21 44 51.5 


21 45 24.3 
21 46 44.3 
21 46 57.5 
21 49 46.7 
21 50 39.7 


+43 55 19 
—1714 20 
+38 44 31 
+38 44 05 
—25 00 43 


—88 57 45 
—I1 22,40 
+10 07 32 
+30 13 15 
—27 37 32 


—70 07 57 
+10 00 03 
+38 02 21 
+ 5 14 30 
+39 23 18 


—32 10 44 
+34 53 26 
+62 34 45 
Sey E22) 
—40 48 58 


+19 47 53 
—16 50 28 
—12 53 05 
+36 39 40 
—65 22 23 


—22 25 04 
—21 48 50 
+70 33 15 
+46 32 02 
+23 37 56 


— 5 34 40 
+45 35 07 
+40 24 24 
eo ee) 
+19 18 42 


+62 04 31 
—16 40 09 
+43 16 O1 
—T1 23:49 
+71 18 16 


+58 46 23 
+ 9 52 05 
+17 20 35 
+25 38 17 
—33 01 58 


+61 06 50 
+49 18 09 
—16 08 03 
+30 10 02 
—69 38 11 


STARS, J1998.5 


Spectral Type 


K4.5 Ib-II 
Al Vat 


FOp Sr Eu 
G8* III-IIla Ba 0.5 
K5 III 


M1/2 III 

F8 V 

F2 V 

G2 II-III + A4 V 
B9 Jab 


Alm A2 Vat 
B2 Ve 

A7 Vtn 

A5 IV-V 

Ap Cr Eu 


K1 Ill 
G7 III Fe-1.5 
Fo V+ 
BO Ib 
F6 Vp 


G4 Ib: Ba 2 
G7 IIIb Fe-1 
B1 Ill 

KOs TH 
M1+ III 


GO Ib 
G8 III Fe-0.5 
AS V 


Ml IIlab 
KO Ill 
KO0.5 II 


M27 Ila 
K2 Ib-II 
G5 Ib 
FS IV 
AO IV 


A2 la 
B2.5 Lil 
F2m 

Al Vs 
K2/3 III 


Flamsteed/Bayer 
Designation 


51 LL Cap 
y Gru 
is Cep 
6 Ind 
€ Ind 
17 fe Cep 
20 Cep 
19 Cep 
34 a Aqr 
A Gru 
33 L Aqr 
24 L Peg 
a Gru 
14 LU PsA 
24 Cep 
29 ma Peg 
26 0 Peg 
il. ¢ Cep 
22 A Cep 


16 » PsA 


23 € Cep 
1 Lac 
43 7 Aqr 
a Tuc 

€ Oct 

3h INGE 
47 Aqr 
48 Y Aaqr 
3 B Lac 
52 7 Aaqr 
6 Tuc 

V Gru 

55 1G) tan 
55n Ge AGE 
Qi 6 Cep 
64 Gru 

5 Lac 
6? Gru 

38 Peg 
6 Lac 
57 oO Aqr 
if a Lac 
17 B PsA 
59 Vv Aqr 
62 n Aqr 
31 Cep 
63 K Aaqr 


HR Right 
No. Ascension 
h m 


Ss 
AND 2 59.0 
21 53 12.9 
21 53 50.3 
21 54 50.1 
21 57 49.0 


22 03 14.8 
22 03 44.8 
22 04 57.8 
22 05 06.1 
22 05 42.4 


22 06 01.5 
22 06 21.4 
22 06 56.5 
22 08 08.4 
22 08 17.8 


22 09 46.7 


22 21 30.6 


22 21 34.7 
22 23 30.1 
22: 251210 
22 27 338 
22 28 34.0 


22 28 45.1 
22 28 45.4 
22 29 06.9 
22 29 10.8 
We DOSED 


22 29 40.1 
PPP aD aT 
22 30 25.4 
22 30 34.1 
22 31 13.8 


22 31 25.3 
22 34 36.7 
22 35 16.8 
22 35 43.9 
22 37 40.7 


BRIGHT STARS, J1998.5 


° f vw 


+25 55 05 
—13 33 32 
seri var, INS) 
+56 36 15 
—54 59 59 


—56 47 32 
+64 37 14 
+62 46 42 
+62 16 21 
= Omit 9038 


—39 33 02 
—13 52 37 
+25 20 16 
—46 58 06 
—32 59 45 


+72 20 02 
+33 10 15 
Owl I26 
+58 11 38 
+59 24 26 


+86 06 02 
+39 42 27 
—27 46 28 
+57 02 10 
+37 44 29 


= [AU e AU 
—60 16 02 
—80 26 50 
FEZ 11 51 
—21 36 21 


23142 
+52 13 17 
Se PP) sei 
—64 58 27 
—39 08 22 


— 001 41 
— 0 01 40 
+58 24 27 
—43 30 12 
+47 41 57 


—43 45 25 
+32 33 54 
+43 06 57 
—10 41 08 
+50 16 29 


=32)°21) 14 
—20 42 57 
— 0 07 31 
+73 38 07 
— 41409 


Notes 
f6 


H29 


Spectral Type 


B7 Vn 
Al IVnn 


G7 I-III 

F3 Il] 

A2m Al IV-V 
K1.5 Ib 

O06 If 


B9.5 Vn 
K2.5 Ill 
B8 III 

AQ IV 
K37 II-III 


G9 Ill 
K3 III 
Mé III 
B2 IV-V 
KO Ill 


B9.5 III-IV 
G9 IIIb Ca 1 
Bl Ve 

B9.5 [Vn 

G8 III 


F2 vt 

F2.5 IV-V 
F5-G2 Ib 
G6/8 III 

MO II + B8 V 


M4.5 Illa 


K1.5 IIb CN 0.5 


H30 


Flamsteed/Bayer 
Designation 

30 Cep 
10 Lac 
11 Lac 
18 € PsA 
42 ‘a Peg 
B Gru 

44 n Peg 
13 Lac 
B Oct 

47 NX Peg 
46 € Peg 
68 Aqr 
€ Gru 

71 Aqr 
32 L Cep 
48 LU Peg 
22 oy PsA 
3 r Aqr 
76 6 Aqr 
23 6 PsA 
24 a PsA 
v509 Cas 

G Gru 
1 (6) And 
1 PsA 

53 B Peg 

4 B Psc 
54 a Peg 
86 Aqr 
0 Gru 

55 Peg 
33 T Cep 
88 Aqr 
L Gru 

59 Peg 
90 p Aqr 
91 wp} Aqr 

6 Y Psc 
ay Tuc 
93? Aqr 

Sol 

95 ye Aqr 

62 ip Peg 
98 Aqr 
4 Cas 


Right Declination | Notes 
Ascension 


9 38 35. 8 
22 39 11.6 
22 39 30.2 
22 40 26.9 
22 40 34.4 


22 41 23.2 
22 42 34.7 
22 42 55.9 
22 44 01.5 
22 45 54.6 


22 46 27.5 
22 46 37.1 
22 47 28.3 
22 48 27.9 
22 49 30.8 


22 49 37.6 
22 49 55.9 
22 50 57.1 
22 52 26.6 
22 B2NS2A2 


22 54 25.8 
22 54 34.3 
22 55 52.0 
D2SON2 2a 
22°57 34.1 


22 58 30.0 
23 00 01.3 
23 00 47.5 
2a OleOle: 
23 03 24.9 


23 03 42.1 
23 03 48.0 


23 04 41.2 
23 06 36.1 
23 06 47.8 


23 06 55.7 


23 24 46.2 


BRIGHT STARS, J1998.5 


+63 34 36 
+39 02 33 
+37 35 06 
+44 16 07 
—27 03 05 


+10 49 25 
—46 53 33 
+30 12 48 
+41 48 41 
Sell 2B 


+23 33 28 
+12 09 54 
937 116 
Oo 29 
—13 36 02 


+66 11 33 
+24 35 37 
—39 09 53 
—32 53 01 
= {CRIES 


+84 20 18 
—15 49 44 
—32 32 52 
+49 43 32 
—29 37 49 


—35 31 52 
+56 56 15 
--52 45 44 
+42 19 04 
—34 45 27 


+28 04 29 


=32) 32 25 
913108 
+23 43 56 
—20 06 31 
+62 16 28 


fymd 


Spectral Type 


G3 Ib-II: CN-1 CH 2 Fe-1 
K2.5 III 
B8 Ve 


B8.5 II 

M4.5 III 

G8 II + FO V 
KO Ill 

FAW e LDV: 


G8 IIIa CN 0.5 
F6 V 

G8 III 

A2 Va 

MO III 


KO7 Ill 

G8* Il 

K3 III 

AOm A1 III-IV 
M2.5 III Fe-0.5 


K4 III 
A3 IV-V 
G8 Ill 
K5 Ib 
A3 Va 


F8 III-IV 
G4v 0 
G8/KO III 
B&pe (shell) 
FO. Vs 


M2.5 II-III 
B6 Ve 
AO III-IV 
G6 IIIb 

5 (II-II)m 


M1 IIlab 
G2 III 
Kil. Sait 
K1 III 
A3 Van 


M1.5 III 

K1~ III Fe-0.5 
G9 III: Fe-2 
F2 V 

B5 Vn 


K1 Il 
AO Va 
A5V 
K1 Ill 
M27 IIlab 


Flamsteed/Bayer 


68 
99 

8 
10 


70 


o7n 


IRAP 


Gd 


Designation 


Peg 
Aqr 
Psc 
Oct 
Psc 


Peg 
Scl 

Phe 
And 


And 
Cep 
Psc 


And 
scl 
Psc 
Aqr 
Aqr 


And 


Psc 
Scl 
Peg 


Peg 
Cas 
Peg 
Psc 
Phe 


Psc 
Tuc 


OMNR HFA 


HR Right 
No. Ascension 
hm Ss 


8905 
8906 
8911 
8862 
8916 


8923 
8924 


composite or combined spectrum 
double star data given in Yale Bright Star Catalogue 3rd ed. 
FK5 position and proper motion 


23 25 18.3 
23 25 58.1 
23 26 51.3 
23 27 52.7 
23 27 53.5 


23 29 04.8 
23 29 27.4 
23 32 53.5 
23 34 55.2 
23 34 59.8 


23 37 29.4 
23 37 46.2 
23 38 03.8 
Ay}, B8) Mail 
23 39 52.4 


23 40 20.1 
23 40 33.5 
23 41 58.2 
23 42 38.7 
23 44 07.4 


23 45 57.6 
23 47 50.4 
23 47 51.9 
23 48 50.9 
23 52 24.7 


23 52 32.5 
23 54 18.5 
23 57 40.9 
23 58 35.8 
23 58 51.1 


23 59 14.1 
23 59 50.4 


BRIGHT STARS, J1998.5 


H31 


4.4] 
4.39 


Declination 
+23 23 45 | fsm 
—20 39 01 | vm 
+114 50 | fvd 
—87 29 26 | f 
+6 2215 | f 
+12 45 08 | f 
— 4 32 27 | sv 
—37 49 36 | fv 
+71 3802 | 5 
—42 37 24 | fvd 
+46 27 00 | fvd6 
—45 30 02 | f6 
+43 15 35 | fv6 
+77 37 27 | fsv 
+ 5 3705 | fvd 
+44 19 32 | fd 
—32 04 53 fv 
+14618 | f6 
—14 33 11 fd6 
—18 1707 | f 
+46 24 43 fd 
+67 4755 | f6 
— 24612 | fd 
—28 08 19 | fd 
+19 06 43 | fv 
+10 56 20 | fvm 
+57 29 28 | fv 
+25 07 59 | fv 
— 3 33 52 | fvd6 
—52 45 15 fv 
+65118 | fv6 
—65 35 08 | fv 
Notes 


—0.02 
+1.43 
Selo 


+0.73 
pipukG 
—0.36 
+1.73 
+0.07 


+0.69 
+0.09 
N29) 
+0.94 

0.00 


—0.26 
+0.66 
+0.08 
=0212 
SW 


+0.82 


+0.70 
—0.03 
+1.86 


siglo, 
+1.68 
+0.70 
+1.03 


+0.06 
—0.28 


+0.61 
+1.48 
+0.03 
tala 
ay Oe 


+0.94 
+1.09 
—0.09 
+1.80 
+0.08 


+1.01 
+0.08 
SO ih 
+1.03 
+0.51 


—0.08 
SUH 


magnitude and color from Yale Bright Star Catalogue 3rd ed. 
MK standard 
variable star 
spectroscopic binary 
magnitude and colors refer to combined light of two or more stars 
colors but not magnitudes refer to combined light of two or more stars 
formerly called p Vir, misidentified in Yale Bright Star Catalogue 


F8 III 
K4.5 III 
AOp Cr Sr 
K2 II 
KO.5 II 


G8 Illa 

K37- IIb Fe 2 
B9.5p Hg Mn 
G9 Ib 

Ap Sr 


G8 III-IV 
A1/2 V 

B8 V 

K1 III-IV CN 1 
F7 V 


B8 IVn 
KO III 
A6 IV— 
B9.5 IV 
B9 Vn 


G3 Ib-II 

Al Vn 
gG8 

AO Vatn 

M37 IIIb 


A4 Vn 
G2 0 (var) 
M3 III 
G9 Ill 
KO Ill 


F3 V 
13S) LAY) 


H32 UBVRI STANDARD STARS, J1998.5 


Right 
Ascension 


Spectral 
Type 


Declination 
No. 


hm s ovrw" 


21] 11 B Cas | 00905.9 | +59 08 29 F2 Ill 
39:| 88 y “Peg | (013°09:5 | 4151031 B2IV 
45| 89 x Peg | 01431.5} +2011 54 M2? Ill 
63| 24 @ And | 01700.8 | +38 40 24 A2V 


113 0 30 14.8 | +59 58 09 B9 IIn 


130 
321 
437 
493 
553 


0 32 54.8 | +62 55 25 
S00 fy (Cas 108 10.3 | +54 54 47 
SID) rap ENS 131 24.2] +15 2017 

107 Psc 1 42 24.9 | +2015 41 

6 6B An 1 54 33.4 | +20 48 03 


BO.7 Ia 
GS Vb 
G7 Illa 
K1 V 
AS V 


617 2 07 05.3 | +23 27 19 K2~ IIlab Ca—1 
TIS: Fou 64 -eCet 2 28 04.7} + 82712 AO III— 
753 2 3559.9 | + 6/52 47 KS> V 
875 2 56 32.9|— 343 06 A3 Vn 
996/96" K1 (Cet 31917.0}+ 32153 G5 V 
1034 3 27 56.7 | +49 03 28 4.98 | —0.55 | —0.10} +0.01 | —0.09 | B3 V 
1046 3 29 53.3 | +55 26 49 5.10 | +0.05 | +0.04 | +0.09 | +0.08 | Al V 
1084] 18 € Eri 3 3251.6|-— 92748) 1 3.73 | +0.58 | +0.88 | +0.72 | +1.19| K2 V 
LIST 38e coy Per 3 44 13.5 | +32 1701 3.83 | —0.75 | +0.05 | +0.12 | +0.12 | B1 Il 
1144} 18 Tau 3 45 04.4 | +24 50 05 1 5.65 | —0.36 | —0.07 ; +0.03 | —0.04 | B8 V 
1165) 259u7)" Lat 3 47 23.7| +240602] 1 2.87 | —0.35 | —0.09 | +0.03 | —0.01 | B7 IlIn 
1172 3 48 15.5 | +23 25 00 5.45 | —0.32 | —0.07 | +0.05 | —0.01 | B8 V 
1228| 46 € Per | 35852.0} +35 47 12 4.04 | —0.93 | +0.02 | +0.16} +0.15 | O7.5 IIIf 
1346) 54 y Tau 419 42.5 | +15 3727 3.65 | +0.81 | +0.99 | +0.73 | + 1.20 | G9.5 Ilab CN 0.5 
1373) Ole Ommmlau 4 22 50.9 | +17 32 21 3.76 | +0.82 ; +0.99] +0.73 | +1.20 | G9.5 IIT CN 0.5 
1410 77" OF Stan 14.98:20'3 | 4815157 32)| FI 3.83 | +0.72 | +0.95 | +0.71 | +1.18 | G9 III Fe—0.5 
1409} 74 € Tau 4 28 31.7} +191038] 1 3.54 | +0.87 | +1.01 | +0.73 | + 1.23 | G9.5 III CN 0.5 
1412| 78 6? Tau 4 28 34.6} 4155204} 1 3.39; +0.12 | +0.18 | +0.18 | +0.27 | A7 IIT 
1543 1, x? Ori 44945.5}/+ 65731 1 3.19 | —0.01 | +0.46 | +0.42 | +0.68 | F6 V 
1552 ay #? Oni 45107.6}+ 53609 3.68 | —0.81 | —0.16] —0.05 | —0.21 | B2 III 
1641} 10 7 Aur | 506 24.6|+41 1357 1 3.18 0.67 0.18 0.05 | —0.22 | B3 V 
1666} 67 @ En 5 07 46.5 | — 505 18 2.79 | +0.10} +0.13 | +0.14]) +0.22 | A3 IVn 
1781 5 23 37.6|-— 00940} 1 5.70 | —0.88 | —0.21 | —0.08 | —0.27 | B2 V 
1791} 112 6 Tau 5 26 11.8 | +28 36 23 1.65 | —0.49 | —0.13 | —0.01 ) —0.11 | B7 III 
1855 | 36 wv Ori 5 3151.5] -— 71809 l 4.62 | —1.07 0.26 0.12 0.38 | BO V 
1861 5 32 36.8} — 13535 1 5.35 | —0.93 | —0.19 | —0.05 | —0.24| B1 V 
1938 5 40 30.2 | +31 21 27 l 6.04 | —0.21 | +0.05 | +0.11 | +0.16 | B7 V 
2010 | 134 Tau 5 49 27.9 | +12 39 03 4.91) —0.16) —0.07} +0.02 | —0.06 | BOIV 
2047| 54 x! Ori 5 54 17.6 | +20 16 34 4.41 | +0.08 | +0.59 | +0.51 | +0.82 | GO~ V Ca0.5 
2382) lz Mon | 632 14.4} + 451 25 5.83 | +0.78 | +1.00 | +0.72 | +1.25 | KO III 
2421) 24 y Gem] 6 3737.5 | +16 2402 1.92 | +0.05 0.00 | +0.06 | +0.05 | Al IVs 
2693 | 25 6 CMa} 708 19.8 | —26 23 27 1.84 | +0.54 | +0.67 | +0.51 | +0.84 | F8 Ia 
2763 | 54 A Gem} 7 1800.4] +16 3235 3.58 | +0.09 | +0.12 | +0.12 | +0.17 | A4IV 
2787 7 18 15.2 | —36 43 53 4.67 | —0.79 | —0.10 | +0.10| +0.05 | B3 Ve 
2782| 30 + CMa} 7 18 38.7 | —245705 4.40 | —0.99} —0.15 | —0.04 | —0.22 | O09 I 


UBVRI STANDARD STARS, J1998.5 H33 
BS=HR| Name Right — | Declination Petia n rer ee, V-R | v-I Spectral 
No. Ascension Gode Type 
ho my, 's om im ah Pe il 

2852| 62 p Gem] 72900.9}+314715| 1 4.18] —0.02 | +0.32} +0.32| +0.51 | FO V+ 

2990| 78 B Gem} 745 13.5 | +2801 48 1.14} +0.86 | +1.00] +0.75 | +1.25 | KO IIIb 
32495 FG. GIA Cnc a SMO ZONE OMT 253 a> 2 3.53} +1.77| +148] +1.12 | +1.90] K4 1 Ba 0.5 
3314 8 2535.1} -— 35405 3.90 | —0.03 | —0.02 | +0.03 | —0.02 | AO Va 

3427 | 39 Cnc | 84001.3}+200047} 1 6.39 | +0.83 | +0.98 | +0.72] +1.19 | KOM 

3454} 7 m Hya | 84308.8/+ 32415] 2 4.30 | —0.74 | —0.20| —0.07 | —0.26| B4V 

3569} 9 « UMa] 859 06.3 | +48 02 52 3.14 | +0.07 | +0.19 | +0.22 | +0.29| A7TVn 
3579 9 00 32.6 | +41 47 20 3.97 | +0.06 | +0.43 | +0.40 | +0.62 | F7 V 

3815) 11 LMi | 935 34.2}+354901] 1 5.41] +0.44 | +0.77| +0.62 | +0.99 | G8 IV—V 
3974] 21 LMi | 1007 20.5} +351508) 1 4.49 | +0.07 | +0.18 | +0.18} +0.25 | A7V 

3982} 32 a Leo | 1008 17.5/4+115828) 1 1.35 | —0.36 | —0.11 | —0.02 | —0.12 | B7 Vn 

4031 | 36 ¢ Leo | 10 1636.4 | +23 25 29 3.44 | +0.19] +0.31 | +0.31 | +0.50 | FO Illa 

4033 | 33 A UMa} 10 1700.4 | +4255 19 3.45 | +0.06 | +0.03 | +0.08 | +0.07 | AL IV 

4054 | 40 Leo | 10 1939.3 | +19 28 43 4.80) +0.01 | +0.45 | +0.45 | +0.68 | F6IV 

4112] 36 UMa | 10 30 31.9 | +55 59 18 4.84} —0.01 | +052] +0.48 | +0.76 | F8 V 

4133 | 47 p Leo | 103243.9|+ 91852 3.85 | —0.95 | —0.14 | —0.05 | —0.21 | B1 Iab 

4456 | 90 Leo | 11 3437.8/+164819] 1 5.95 | —0.65 | —0.16 | —0.06 | —0.24 | B3 V 

4534} 94 6 Leo | 11 4859.0 | +14 3450 2.14 | +0.08 | +0.08 | +0.06 | +0.08 | A3 Va 

4550 1152 53.6 | +3743 46] 1 6.45 | +0.17 | +0.75 | +0.66 | +1.11] G8 VP 
4554) 64 y UMa} 1153 45.1 | +5342 11 2.44} +0.03} 0.00} 0.00} —0.03 | AO Van 
4623 1 qa Crv | 1208 20.1 | —24 43 14 4.02 | —0.02 | +0.32 | +0.30) +0.48 | FOIV—V 
4660] 69 6 UMa} 12 15 21.1 | +5702 27 3.31 | +0.07 | +0.08 | +0.06 | +0.06 | A2 Van 
4662) 4 y Crv | 1215 43.7)-173201] 1 2.58 | —0.35 | —0.11 | —0.04 | —0.13 | B8p Hg Mn 
4707 | 12 Com | 12 22 25.8) +255116} 1 4.81) +0.27) +0.49 | +0.47 | +0.80 | GS III + AS 
4751 12 28 40.1 | +255427) 1 6.65 | +0.08 | +0.22 | +0.15 | +0.23 | AOp 

4752 | 17 Com | 12 28 50.2}+255516] 1 5.29 | —0.10 |} —0.06 | +0.02 | —0.06 | AOp (Si) 
4785 8 B CVn | 1233 40.3 | +41 21 56 4.27] +0.05 | +0.59 | +0.54 | +0.85 | GO V 

4983 | 43 G Com |} 1311 48.2|+275309} 1 4.26 | +0.08 | +0.58 | +0.49) +0.79 | F9.5 V 

5019} 61 Vir |131819.6}/—-181811] 1 4.74 | +0.26 | +0.71 | +0.58]) +0.94 | G6.5 V 
5062 | 80 UMa | 13 25 09.9 | +54 59 45 4.02 | +0.08 | +0.16] +0.17 | +0.24 | AS Vn 

5185} 4 7+ Boo | 134711.5}+172751 4.50) +0.05 | +0.48 | +0.41 | +0.65 | F7 V 

5235 8 7 Boo | 1354 36.8 | +18 24 19 2.68 | +0.20 | +0.58 | +0.44 | +0.73 | GOIV 

5264} 93 +r Vir | 140134.2}+ 13306 4726 | +0.13)) 0.10) --O15 | +021 AS TV 

5340} 16 a@ Boo | 1415 35.6} +19 1125 —0.05 | +1.28 | +1.23 | +0.97) +1.62 | K1.5 Ill Fe—0.5 
5359] 100 XA Vir | 141901.7 | —13 2151 4.52 | +0.09 | +0.13 | +0.10 | +0.14 | A5m: 

5447 | 28 o Boo | 14 3436.9 | +29 45 06 4.47) —0.08 | +0.37 | +0.34 | +0.53 | F2 V 

5511 | 109 Vir | 1446 10.4) + 15357 3.73 | —0.03 | —0.01 | +0.07 | +0.05 | AO TVnn 
5570 | 16 Lib | 145706.3| — 42026 4.49 | +0.04 | +0.32) +0.32) +0.49 | FOIV™ 
5634} 45 Boo | 1507 14.1 | +24 5230 4.93 | —0.02 | +0.43 | +0.40| +0.61 | F5 V 

Ko] A fF Mey |S ilGyapyoy|| = OPPs) 7 2.61 0.37 | —0.11 0.04 | —0.14 | B8 IlIn 

5854| 24 a@ Ser | 154411.7}+ 62549} 2 2.64) +1.25] +1.17] +0.81 | +1.37 | K2 IIb CN 1 
S868) |e ee Seren lo 4 0102205 2a 7228 4.43 | +0.10] +0.60} +0.51 | +0.83 | GO~ V 
5933)|| 418 y Ser™ || 15:56 23:0) 42 15'39'59 3.86 | —0.03 | +0.48 | +0.49) +0.73 | F6 V 

SAT sie SCrB as s7/ Sis F2261527961) 2) 4.15} +1.28 | +1.23 | +0.89} +1.51 | K2 Iflab 
6092} 22 + Her | 161941.7/+461901] 2 3.90 | —0.57 | —0.15 | —0.09 | —0.26 | BSIV 


H34 UBVRI STANDARD STARS, J1998.5 


7 
BS=HR Name Right | Declination U=Ba\OB=V {"V—R Spectral 
No. Ascension Type 
hm) s OME MUL | 
6175 | 13 Cit WOph 16 37 04.6 | — 10 33 51 +0.02 | +0.10 09.5 Vn 
6603 |60 6 Oph 17 43 23.9} + 43404 +1.17 | +0.82 | +1.39 | K2 Il CN 0.5 
6629 | 62 y Oph 17 4749.1] + 24228 +0.04 | +0.04 | +0.04 | AO Van 
6705 | 33 oy ()eDra 17 56 34.3 | +51 29 21 2.22 | +1.88 | +1.52 | +1.14] +1.99 | K5 Ill 
7178 | 14 cyt 1 Ibyn 18 58 53.3 | +32 41 15 3.24 | —0.08 | —0.05 ; —0.03 | —0.04 | B9 II 
(223) ¢ Aql 19 05 20.5 | +13 51 40 2.99 | —0.01 | +0.01 | +0.01 | +0.01 | AO Vann 
730d 30 6 Aql 19 25 25.4] + 30642 3.36 | +0.04 | +0.32 | +0.25 | +0.41 | F2IV—V 
7446 | 39 « Aq 19 36 48.6|— 70151 4.96 | —0.87 0.00 | +0.06 | +0.02 | BO.5 IIIn 
7602 |60 £6 Adi 1955 14.4]+ 62411 3.72 | +0.49 | +0.86| +0.66} +1.15 | G8 IV 
7906 9 off Del 20 39 34.1 | +15 54 24 3.77 | —0.21 | —0.06 0.00 | —0.04 | BO IV 
7950 2 € Aqr 20 47 35.7} — 93005 3.77 | +0.02 0.00 | +0.07 | +0.07 | Al III~ 
8085+ | 61 vl803 Cyg A | 21 06 50.6 | +38 44 18 5.22 | +1.11} +1.17| +1.03] +1.68 | KS V 
80867 | 61 Cyg B | 21 06 50.6 | +38 44 18 6.03 | +1.23 | +1.37] +1.17] +2.00| K7V 
8469 | 22 Nee ep 22 11 27.6 | +59 24 26 5.05 | —0.74 | +0.24 | +0.28 | +0.43 | 06 If 
8622 | 10 Lac 22 39 11.6 | +39 02 33 4.88 | —1.05 | —0.20} —0.09 | —0.30 | O09 V 
S781) 154 1 OGG Peg 23 04 41.2 | +15 11 50 2.48 | —0.06 | —0.04 | +0.01 | —0.02 | AO III-IV 
8832 23 13 12.6] +570936) 2 | 5.57} +0.89] +1.00] +0.83 | +1.36|K3V 


} Center of gravity position; see Bright Stars list for orbital position. 


BS=HR 
No. 


9088 
9091 
9107 
15 
21 


PL 
63 
100 
114 
184 


SS 
233 
269 
343 
373 


413 
458 
493 
531 
617 


623 
635 
660 
672 
675 


685 
ye 
qs 
784 
801 


811 
813 
812 
870 
oie 


937 
962 
1006 
1010 
1024 


1017 
1030 
1089 
1140 
1144 


uvby AND HG STANDARD STARS, J1998.5 


85 


94 


16 
18 


Name 


eds Declination Spectral Type 
bem 9s On ail 

002 05.5 | +270427 | G2V 

002 15.3 | —294345 | BSV 

004 48.9| +343906 | G2V 

008 18.6) +290456 | B9pHg Mn 
009 05.9} +5908 29 | F2 III 
010146] +460350} FOI 

0 1700.8) +384024 | A2V 

0 26 07.8 | —43 4118 | AS Vn 

0 3002.6 | +294436 | Am 

0 43 23.3 | +470059 | ASV 

0 44 38.5 | +48 1634 | BS II 

050 38.1 | +641422 | GOIN-IV+B9.5 V 
0 56 40.2 | +38 2928 | ASIV—V 
111 00.7} +550831 | A7m 

1 1631.7} — 23030 | gG5 
261014 L909 D2) 1R2'V: 

136 42.5 | +412353 | F8&V 
142249} +201541] KIV 

1 49 30.7} —104138] F2IV—V 
2 0705.3 | +232719 |] K27~ Ilab Ca—1 
2 0920.2 | +255558 | F2 III 
21116.3} + 83346] GOIV 

2 1657.7 | +341303 | GOV 

2 1756.7} + 14503] GO.5STIVb 

2 1851.8} +283808 | A2V 

2 2251 || 255150 20) | “AZ TA 

2 28 04.7 | +293946/ FODI 

2 38 43.9} +215718] A7V 

2 4008.0} — 92734] F6V 

2 43 21.8} +274203 | B3V 

2 4403.1} —135154 | B7V 

2 4451.7} +1006 28 | FOIV 

2 4452.7} +122622} A7IV 

2 5609.0] + 82232 | FOmF2 Vt 
302 04.9} — 63002} GOIV—V 
3 08 57.5 | +4936 28 | GOV 
31241.8} — 11206] GOIV 
31744.2| —623452 |} G3-5SV 

3 18 10.9} —623043 | G2V 

323 13.4) — 74758 | G2V 

3 2412.9} +4951 22 | F5Ib 
324440} + 90125 | G6 IIIa Fe—1 
33444.4| + 62446} GO 

3 4442.8) +241705 | B7IV 

3 45 04.4} +245005 | B&V 


V 


S)/8) 
5.04 
6.10 
2.06* 
QT 


5.04 
4.62 
B95 
5:23F 
4.96 


4.62* 
Sos) 
3.87 
4.34* 
5.41* 


5.35 
4.10 
5.24 
4.66 
2.00 


4.98 
5.64 
4.86 
5.60 
5.03 


Salie 
329 
5.30 
9) 
4.65 


4.25 
4.27* 
Sp lkeyy 
5297] 
6.20 


4.05 
5.06 
5). 
5.23 
6.20 


1.79 
3.61 
6.49 
5.46 
5.67 


* V magnitude may be or is variable. 


b-y 
tenons 
+0.430} 0.187 
—0.063 |} 0.106 
+0.412] 0.169 
—0.046] 0.120 
+0.216} 0.177 
403073" |) Or123 
+0.026| 0.180 
+0.098 | 0.194 
+0.169} 0.165 
+0.086| 0.226 
+0.007| 0.076 
+0.355} 0.127 
+0.068| 0.194 
+0.087| 0.213 
+0.554] 0.285 
+0.259| 0.146 
+0.344] 0.179 
+0.493} 0.364 
+0.209} 0.188 
+0.696} 0.526 
+0.210} 0.185 
+0.361} 0.180 
+0.390} 0.187 
+0.370} 0.188 
+0.011 | 0.161 
+0.321 | — 0.038 
+0.178 | 0.211 
+0.092| 0.182 
+0.330} 0.168 
—0.052| 0.097 
—0.052] 0.105 
+0.189} 0.188 
+0.136} 0.186 
+0.306} 0.175 
+0.373 | 0.205 
+0.376| 0.201 
+0.363 | 0.186 
+0.403 | 0.204 
+0.381 | 0.183 
+0.449| 0.198 
+0.302} 0.195 
+0.547| 0.333 
+0.408 | 0.183 
+0.005} 0.097 
—0.021| 0.107 


2.677 


2.613 
2.750 
2.750 


AF 
AF 


AF 


AF 


AF 


AF 


AF 


H36 


uvby AND HG STANDARD STARS, J1998.5 


: eal i amt 
james Name ren Declination Spectral Type V b-y m, a 6B | Type 
hm i s Oh 
WAFS | 5 27 Tau | 349044) +2402 56 | B8 Ill 3.62 | —0.019 | 0.092 | 0.708 | 2.696 | B 
1201 353 04.9} +171922 | F4V 5.97 | +0.221 | 0.166 | 0.610 | 2.712 
1269} 42 w Tau | 40654.9} +285950 | FIV 5.23 | +0.226 | 0.159 | 0.588 
1292| 45 Tau | 411 15.5) + 53109 | FlIV-V 5.71 | +0.231 | 0.164 | 0.597 | 2.710 
1303 |) Se Per | 41447.2] +48 24 20 | GO Ib 4.15* | +0.614 | 0.268 | 0.551 
1321 41521.0} + 61146] GSIV 6.94 | +0.425 | 0.240 | 0.297 | 2.580 
1822 415244} + 61059 | GOIV 6.32 | +0.369 | 0.185 | 0.331 | 2.606 
1329) SO w Tau | 417 10.4) +2034 30 | A3m 4.94 | +0.146 | 0.235 | 0.745 
IB3d | SM Tau | 41817.9| +21 3433 | A&8 V 5.64 | +0.171 | 0.191 | 0.784 
1341] 56 Tau | 41931.4) +2146 12 | AOp 5.38 | —0.094 | 0.197 | 0.536 | 2.768 
1346) 54 + Tau | 41942.5} +15 37 27 | G9.5 Iab CN 0.5 | 3.64* | +.0.596 | 0.422 | 0.385 
1327 4 20 31.8 | +65 08 13 | GS IIb 5.26 | +0.513 | 0.286 | 0.402 
1373] 61 6 Tau} 42250.9| +17 3221 | G9.5 HII CN 0.5 3.76* | +0.597 | 0.424 | 0.405 
1376 | 63 Tau | 423 19.9] +1646 26 | FOm 5.63 | +0.179 | 0.244 | 0.731 | 2.785 
1387] 65 #«& Tau | 425 16.8) +22 1726 | ASIV—V 4.22* | +0.070 | 0.200 | 1.054 | 2.864 
1388 | 67 Tau | 425 19.6] +221147 | ASN 5.28* | +0.149 | 0.193 | 0.840 
1394] 71 v777 Tau} 42615.6) +15 3654 | FOnIV—V 4.49 | +0.153 | 0.183 | 0.933 
LAs |P 7as 2 Tau | 428 29.3] +1557 32 | G9 III Fe—0.5 3.85 | +0.584 | 0.394 | 0.393 
1409| 74 «€ Tau | 428 31.7} +19 10 38 | G9.5 III CN 0.5 3.53 | +0.616 | 0.449 | 0.417 
1412] 78 6? Tau | 428 34.6} +155204 | A7I0 3.41* | +0.101 | 0.199 | 1.014 | 2.831 | AF 
1414] 79 Tau | 428 45.2} +130240 | A5m 5.02 | +0.116 | 0.225 | 0.907 | 2.836 
1430] 83 Tau | 43032.3} +13 4316|FOVN 5.40 | +0.154 | 0.200 | 0.813 
1444| 86 p Tau | 433 45.8] +145029 | A&8 Vn 4.65 | +0.146 | 0.199 | 0.829 | 2.797 
1457| 87 @ Tau | 435 50.1 | +16 3023 | KS5* III 0.86* | +0.955 | 0.814 | 0.373 
1543 1) a Ori |) 4.493455 4-7 65731 | Fo V 3.18* | +0.299 | 0.162 | 0.416 | 2.652 | AF 
1552 3 m4 Ori | 45107.6] + 53609 | B2 II 3.68 | —0.056 | 0.073 | 0.135 | 2.606 | B 
1577 Bre Aur | 45653.7| +33 0950 | K3 2.69* | +0.937 | 0.775 | 0.307 
1620] 102 cv Tau | 5 0300.4] +2135 16 | A7IV 4.63 | +0.078 | 0.203 | 1.034 | 2.847 
1641] 10 n Aur| 506246] +41 1357 | B3 V 3.16* | —0.085 | 0.104 | 0.318 | 2.685 |B 
1656 | 104 Tau | 507 21.7} +18 3835 | G4V 4.91 | +0.410 |} 0.201 | 0.328 
1662} 13 Ori | 50733.4] + 92813 | GLIV 6.17 | +0.398 | 0.185 | 0.350 | 2.590 
167207 iG Ori | 509 14.7) + 94940 | A9m 5.42 | +0.136 | 0.251 | 0.835 | 2.828 
129%) | 158 Aur | 5 1902.1} +4005 52 | G1.5IV—V Fe—1 | 4.71 | +0.389 | 0.206 | 0.363 | 2.598 
1861 51921368 |ri== 1:35:35 || BEN, 5.34* | —0.074 | 0.073 | 0.002 | 2.615] B 
1865} ll a Lep | 5 3239.8} —1749 24 | FO Ib 2.57 | +0.142 | 0.150 | 1.496 
1905 | 122 Tau | 5 3658.5} +1702 22 | FOV 5.53 | +0.132 | 0.203 | 0.856 
2056 r Col | 553 03.6] —33 4806 | BS V 4.89* | —0.070 | 0.115 | 0.413 | 2.718 
2034 | 136 Tau | 553 14.0} +27 36 43 | AOT 4.56 | +0.001 | 0.133 | 1.152 
2047 | 54 x! Ori | 55417.6| +20 1634 | GO~ V Ca0.5 4.41 | +0.378 | 0.194 | 0.307 | 2.599 | AF 
2106 a Col | 557 29.0] —35 1700 | B2.5 IV 4.36 | —0.073 | 0.093 | 0.362 | 2.644 
2143] 40 Aur} 606 28.9} +38 2859 | A4m 5.35* | +0.139 | 0.222 | 0.923 
2233 615 29.7} — 03042 | F6aV 5.62 | +0.325 | 0.154 | 0.446 | 2.633 
2236 61549.3} + 11011 | FSIV: 6.36 | +0.299 | 0.148 | 0.476 | 2.645 
2264] 45 Aur | 621 38.9 | +53 27 10 | F5 II 5.33. | +0.285 | 0.170 | 0.627 
2313 625 11.8} — 05642 | F8V 5.88 | +0.361 | 0.170 | 0.395 | 2.613 


* V magnitude may be or is variable. 


2473 
2484 
2483 
2585 
2622 


2657 
2707 
2763 
2779 
2777 


2798 
2807 
2845 
2852 
2857 


2866 
2880 
2883 
2886 
2918 


2927 
2948/9 
2930 
2961 
2985 


3003 
3084 
3131 
3173 
3249 


3262 
3271 
3297 
3314 
3410 


3454 
3459 
3538 
3555 
3619 


3624 
3657 
3665 
3662 
3759 
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Ascension 


, S a 4 

6 45 12.3 

56 w° Aur 6 46 37.9 
16 Lyn 6 57 30.5 
7 00 13.6 

23 y CMa} 70341.4 
21 Mon | 7 11 19.0 
54. 2X Gem] 7 1800.4 
719 42.9 

55) 61+ (Gemil 7:20:02.0 
721 12.6 

7 22 14.0 

Bd Ge BCMibI NT 72042) 
62 p Gem] 7 2900.9 
64 Gem | 7 29 14.8 
7 29 21.3 

7) SAD OCMiG 1 F3B201.2 
7 3201.5 

68 Gem" 733813 
7 36 29.9 

25 Mon | 7 37 12.2 
7 38 45.7 

71 of (Gem | 7 39:04.1 
7 39 24.2 

77 « Gem| 7 4421.4 
81 Gem | 7 4602.2 
QZ Pup T5235 
759 48.0 

27 Lyn 8 08 20.7 
17s 16.8 tGnc 8 16 26.1 
18 x Cne 8 1958.4 
8 20 08.5 

1 Hya | 8 2430.5 
8 25 35.1 

4 6 Hya | 83734.6 
7 » Hya | 843 08.8 
8 43 36.0 

8 54 13.5 

59 o% Cnc’ | 85651.1 
15 UMa | 9 08 46.0 
14 +  UMa| 91047.7 
9 13 32.1 

22) O = Hyat® 9:14:17.2 
18 UMa| 9 1604.9 
31 7! Hya | 929043 


comma ae VA) 


+25 07 58 | G8 Ib 3.00 
+1253 50 | FSTV 3.36* 
+43 3445 | GOV 375) 
+45 05 47 | A2V 4.91 
— 52153 | GOIN-IV 6.29 


— 153751 


B8 II 


4.11 


— 01758 | A8n 5.44* 
+16 3235 | A4 V 3.58* 
+ 708 46 | F8 V 5.92 
+21 5907 | FOVT Byo's) 
= $5232.) F5 6.55 
— 25834 | F5 6.24 
+ 81733 | BBV 2.89* 
+3147 15 | FOVt 4.18 
+28 0717 | A6 V 5.05 
— 73253 |F8V 5.86 
+ 15504 | FOIL S25 
— 85239 |} FSV 523) 
+1549 48 | Al V 5.28 
+ 55154 | GOV 5.90 
— 40627 | F6 III 5.14 
— 26 47 54 | BO V 3.83 
+34 35.17 | F3 Ill 4.89 
—38 1817 | B25 V 4.84 
+24 24 06 | G8 III 3.57 
+18 3050 | K4 Ill 4.85 
— 385133 | B2.5 V 4.50* 
—18 23 42 | A2IVn 4.61 
+51 3040 | Al Va 4.81 
+ 91125 | K4INBa0.5 | 3.52 
+27 1321 | Fo V 5.14 
— 05417 | F9V 6.17 
— 34446 | F3V 5.60 
— 35405 | AO Va 3.90 
+ 54233 | Al JVnn 4.15 
+ 32415 | B4V 4.30* 
— 71342 | G2IB 4.63 
— 52543 |G3V 6.01 
+32 5458 | A7IV 5.45 
+51 36 38 | FOm 4.46 
+63 3111 | Am 4.65 
+211722 | A2V 6.48 
+ 219 14 | B9.5 IV (CID) | 3.88 
+5401 41 | ASV 4.84% 
— 24544] F6V 4.60 


* V magnitude may be or is variable. 


+0.868 
+0.288 
+0.359 
+0.014 
+0.359 


— 0.046 
+0.185 
+0.048 
+0.339 
+0.221 


+ 0.343 
+0.432 
— 0.038 
+0.214 
+0.062 


+0.311 
+0.128 
+0.355 
+0.037 
+0.375 


+ 0.283 
— 0.076 
+0.270 
— 0.084 
+ 0.573 


+0.895 
— 0.083 
+0.048 
+0.017 
+0.914 


+0.314 
+0.385 
+0.311 
— 0.006 
+0.009 


— 0.087 
+0.517 
+0.410 
+0.084 
+0.165 


+0.214 
+0.017 
—0.028 
+0.113 
+0.295 


H37 


AF 


H38 


S757 
3775 
3800 
3815 
3856 


3849 
3852 
3881 
3893 
3901 


3906 
3928 
3951 
3975 
3974 


4031 
4054 
4057/8 
4090 
4101 


4119 
4133 
4166 
4277 
4293 


4288 
4300 
4343 
4378 
4386 


4392 
4405 
4456 
4501 
4515 


4527 
4534 
4540 
4550 
4554 


4618 
4689 
4695 
4705 
4707 


41 


15 
16 


SU 
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him, s 
931 24.7 
9 32 45.4 
9 3407.9 
9 35 34.2 
9 39 18.5 


9 40 14.0 
941 04.2 
9 48 29.6 
9 50 25.4 
pow a 7/5) 


9 52 07.5 
915735.6 
10 00 55.5 
1007 15.1 
10 07 20.5 


10 16 36.4 
10 19 39.3 
10 19 53.4 
10 25 49.7 
10 27 34.2 


10 30 12.9 
10 32 43.9 
10 38 38.2 
10 59 23.0 
11 0005.1 


11 00 45.4 
11 02 15.0 
L354 
11 18 16.3 
11 21 03.6 


11 22 44.7 
11 24 48.4 
11 34 37.8 
11 41 29.6 
11 45 12.4 


11 4754.5 
11 48 59.0 
11 50 37.0 
1152536 
1153 45.1 


12 08 00.5 
12 1949.8 
12 20 16.4 
12 22 06.3 
12 22 25.8 


Right A Wey 
Name Declination 
Ascension 


ey WR Vis 
+63 04 07 
+51 41 03 
+36 24 15 
+35 49 01 
—61 19 16 


—14 1932 
+ 95357 
+4601 41 
+ 42102 
— 61029 


+ 22740 
+41 03 46 
+3155 52 
+16 46 12 
+35 15 08 


+23 25 29 
+19 28 43 
+1950 57 
+33 48 13 
+ 946 13 


— 03745 
+ 91852 
+3159 03 
+40 26 18 
— 42 13 04 


+39 13 13 
4-20 11 16 
— 22 49 04 
+1159 35 
+ 60215 


+43 29 28 
— 17 40 33 
+1648 19 
+3145 15 
+ 81600 


+20 13 38 
+14 3450 
+ 14623 
+37 43 46 
+53 42 11 


—50 39 11 
— 03931 
+ 31915 
+24 4655 
+25 51 16 


Spectral Type 


FO IV 

F6 IV 

G7.5 Ill Fe —0.5 
G8 IV-—V 

B9 V 


BS V 
F5 11+A5? 
G0.5 Va 
F7 Vn 

F8 V 


AO Vs 

F5 V 

G3 Va H6 1 
AO Ib 

ATV 


FO IIa 

F6 IV 

K17~ IIIb Fe—0.5 
FO V 

AOp 


Bo V 

B1 lab 

G2.5 Ila 

G1~ V Fe—0.5 
A3 IV 


FO M 
A0.Sm A3 V 
A2IV 

A2V 

AO III+ 


G8 II 
A7V 
B3 V 
F4V 
A4 V 


G4 III—IV+A7 V 
A3 Va 

FOV 

G8 VP 

AO Van 


B2 IlIne 

Al Ivt+ 

KO.5 IIIb Fe —0.5 
AO V 


G5 III+A5 


3.67* | +0.211 
3.18 | +0.314 
4.55 | +0.561 
5.41 | +0.473 


4.51* 


5.07 


3.52 | +0.306 
5.10 | +0.390 
6.24 | +0.306 
6.43 | +0.363 
6.03 | —0.015 
5.14 | +0.300 
5.35 | +0.416 
3.53 | +0.030 
4.49* | +0.106 
3.44 | +0.196 
4.79* | +0.299 
1.98* | +0.689 
4.73 | +0.150 
6.04 | —0.036 
5.08 | —0.061 
3.86* | — 0.027 
4.72 | +0.512 
5:05 -} +-0.392 
4.38 | +0.059 
5.07 | +0.142 
4.42 | +0.022 
4.47 | +0.011 
6.66 | +0.024 
4.05 | —0.020 
4.99 | +0.610 
4.07 | +0.118 
5.95 | —0.066 
5.74 | +0.312 
4.85 | +0.090 
4.53* | +0.352 
2.14* | +0.044 
3.60 | +0.354 
6.43 | +0.483 
2.44 | +0,006 
4.47 | —0.076 
3.90* | +0.017 
4.97 | +0.717 
6.20 | —0.002 
4.81 | +0.322 


* V magnitude may be or is variable. 


0.140 


0.110 
0.234 
0.203 
0.161 
0.185 


0.136 
0.165 
0.234 
0.068 
0.201 


0.169 
0.166 
0.457 
0.196 
0.180 


0.113 
0.040 
0.297 
0.203 
0.179 


0.198 
0.194 
0.164 
0.190 
0.127 


0.416 
0.195 
0.095 
0.118 
0.196 


0.186 
0.210 
0.186 
0.225 
0.153 


0.108 
0.163 
0.485 
0.169 
0.175 


2.704 


2.646 


2.599 


2.837 
2.722 


2.730 
2.552 
2.595 


2.877 


2.823 
2.687 


2.855 


2.900 
2.629 


2.884 
2.682 


2.701 


Type 


B 


AF 


AF 


AF 


AF 


No. 


4753 
4775 
4789 
4802 
4861 


4865 
4869 
4883 
4889 
4914 


4931 
4983 
5011 
5017 
5062 


5072 
5163 
5168 
5235 
5270 


5280 
5285 
5304 
5414 
5415 


5447 
Soild 
5522 
5530 
5531 


5634 
5633 
5626 
5660 
5681 


5685 
5717 
5754 
5752 
5793 


5825 
5854 
5868 
5885 
5936 


AO 


49 6 


Pal 


27 
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Right 
Ascension 


Declination 


Spectral Type 


I en Asc} 

12 29 22.5 
12 31 59.6 
12 34 46.6 
12:37 302 
12 48 09.8 


12 48 49.7 
12 49 13.1 
al3ivs 
12.53.2002 
12 55 56.2 


13 00 40.0 
13 11 48.2 
13 16 42.1 
13 17 28.5 
13 25 09.9 


13 28 21.4 
13 43 49.6 
13 45 36.1 
13 54 36.8 
14 02 27.4 


14 02 56.4 
14 05 57.3 
14 10 19.8 
14 28 27.5 
14 28 29.3 


14 34 36.9 
14 46 10.4 
14 48 49.5 
14 50 36.2 
14 50 47.7 


15 07 14.1 
15 07 16.3 
15 08 44.5 
15 1431.8 
1515 265 


15 16 55.6 
15 22 19.0 
5127 392, 
15 28 41.6 
15 34 37.5 


15 41 05.1 
15 44 11.7 
15 46 22.2 
15 50 53.3 
15 55 44.4 


o fv 
+24 07 02 
—1611 16 
+22 38 15 
— 48 3159 
+1333 41 


+1407 50 
+27 33 38 
+27 32 56 
—40 1015 
+38 19 23 


+56 22 28 
+27 53 09 
+ 92555 
+40 34 50 
+54 59 45 


+1347 11 
— 52929 
— 33 02 10 
+18 24 19 
+ 94137 


+5058 45 
—41 1021 
+25 05 55 
+28 17 45 
+28 1751 


+29 45 06 
He 53) 57 
— 05029 
— 1559 28 
— 16 02 08 


+24 52 30 
+18 2651 
—45 16 27 
—31 3049 
+33 19 13 


— 92239 
+12 34 22 
+62 1651 
+47 12 23 
+26 43 11 


— 44 39 23 
+ 62549 
+ 72128 
—25 44 49 
+37 57 05 


F5 Il 

F2 V 

AOm Al IV 
Al IVnn 
Al V 


ALV 
A2V 
GO Ip 
ATV 
FO V 


F2 V 

F9.5 V 

F8 V 

F3 III (str. met.) 
AS Vn 


G4V 

Al V 

F2 V+ 

GO IV 

G8: II: Fe—5 


A2V 
B2V 
F8 IV 
Al V 
ALV 


F2 V 

AO IVnn 
B9 Vp:v 
F3 V 

A3 IIT—IV 


F5 V 

A3 V 

B3 V 

FO Ib—II 
G8 III Fe —1 


B8 In 
AO V 
AS IV 
Am 
AO IV 


FS IV—V 
K2 IIIb CN 1 
GO” V 
BISVN 
F2 


5.48 
4.30* 
4.81 
3.86 
6.56 


5.70 
5.78 
4.93 
4.26 
5.60 


4.92* 
4.26 
Salo) 
4.72* 
4.02* 


4.97 
6.53 
4.23* 
2.68 
6.21 


6.15 
4.36* 
4.82 
7.62 
7.12 


4.47* 
3.74 
6.16 
5.16 
2515 


4.93 
6.02 
4.06 
4.92 
3.49 


2.61 
6.28 
6.40 
6.15 
2.24* 


4.64 
2.64 
4.43 
4.65 
5.44 


* V magnitude may be or is variable. 


H39 


GB | Type 


2.700 


2.870 


2.592 
2.816 


AF 


2.707 
2.608 
2.614 


AF 
AF 


2.847 | AF 


2.700 
2.627 
2533 


AF 
AF 


2.661 


2.675 
2.846 | B 


2.681 
2.860 


AF 
AF 


2.687 
2.741 


2.706 | B 


2.678 


2.605 
2.639 


STARS, J1998.5 


H40 uvby AND HZ STANDARD 
BSspR Name Se Declination 
No. Ascension 
hm s cp ah 
5933) 41) a (Ser™ || 15!56:2310))" +4539 59 
5947} 13 € CrB]155731.5| +2652 56 
5968] 15 p CrB} 160059.3 | +33 18 29 
5993 9 w! Sco | 1606 43.2 | —203955 
5997] 10 w? Sco | 160719.0} —2051 53 
6027| 14 vw Sco | 161154.5} —19 27 24 
6092} 22 r Her | 161941.7| +461901 
6141 | 22 Sco | 16 3007.0} —25 06 43 
6175] 13 ¢ Oph} 163704.6) —1033 51 
6243 | 20 Oph | 16 49 45.1 | —10 46 50 
6332] 59 Her | 1701 33.0} +33 34 13 
6355 | 60 Her | 1705 18.5 | +12 44 34 
6378 | 35 7» Oph} 171017.5 | —15 43 23 
6458 | 72 Her | 17 2036.2 | +32 28 11 
6536} 23 GB Dra | 173023.9| +52 18 09 
6588 | 85 « Her | 173925.4| +4600 26 
6581 | 56 0 Ser | 174119.8] —1252 29 
6595 | 58 Oph | 17 43 20.4 | —21 4057 
6603} 60 6 Oph] 1743 23.9] + 43404 
6629| 62 y Oph] 174749.1] + 24228 
6714| 67 Oph | 18 00 34.2} + 255 54 
6723 | 68 Oph | 18 01 40.6] + 11819 
6743 6 Ara | 18 0630.9 | —5005 30 
6775 | 99 Her | 18 0658.1 | +30 33 42 
6930 y Sct | 182906.7| —143401 
7069 | i11 Her | 18 4657.3 | +18 10 47 
7119 18 54 37.9 | —15 3618 
aN ey € CrA} 1858 37.4} —37 06 33 
7178 | 14 y  Lyr | 1858 53.3 | +3241 15 
7235| 17 ¢ Agi | 1905 20.5} +1351 40 
7253 19 06 34.2 | -+-28 37 34 
7254 a CrA| 1909 22.2} —375425 
7328 1 « Cyg]191704.1 | +5321 56 
7340 | 44 p1 Ser | 192135.2| —1751 00 
7377 | 30 6 Aql | 192525.4) + 30642 
7462) 61 o Dra | 1932 21.8} +69 39 31 
7469} 13 @ Cyg | 1936 24.1 | +5013 03 
7447| 41 ec Aql | 1936386] — 11724 
7446| 39 « Aq | 193648.6} — 70151 
7479 5 a Sge | 19 4001.8} +18 00 37 
7503 | 16 Cyg | 1941 46.5] +5031 18 
7504 19 41 49.6 | +50 30 50 
7525| 50 y  Aql | 19 4611.3} +1036 34 
7534 | 17 Cyg | 1946 22.2 | +33 43 27 
7557} 53 @ Aql | 195042.6} + 85151 


Spectral Type 


F6 V 

K2 Ilab 
G2V 
B1V 

G4 II—-Ill 


B21Vp 
BS IV 
B2V 
09.5 Vn 
F7 Il 


A3 1V—Vs 
A4 IV 

A2 Vat (Sr) 
GO V 

G2 Ib—Ila 


B3 IV 

A2 Va 

ETN: 

K2 II CN 0.5 
AO Van 


BS Ib 
AO.5 Van 
B2 Ib 

Ry Vi 

A2 I~ 


A3 Vat 
BS II 

FO V 

B9 II 
AO Vann 


FO Ill 
A21Vn 
G9 III 

FO Ill—IV 
F21IV-—V 


KO V 
F4V 

BS Ill 
BO.5 In 
G1 II 


G1.5 Vb 
G3 V 
K3 II 
F5 V 
A7 Vnn 


V b-y my, 
3.86 | +0.319} 0.151 
415 | +0.751 0.570 
5.40 | +0.396} 0.176 
3.94 | +0037} 0.042 
4.32 | +0,522} 0.285 
3.99 | +0.080} 0.051 
3.88* | —0.056] 0.089 
4.79 | —0.047| 0.092 
2.56 | +0.088 0.014 
4.64 | +0.311 0.164 
5.28 | +0.001 0.172 
4.90 | +0.064|) 0.207 
2.42 | +0.029! 0.186 
5.39* | +0.405 0.178 
2.78 | +0.610} 0.323 
3.80 | —0.064} 0.078 
4.25* | +0.049 | 0.168 
4.87 | +0.304] 0.150 
2.76 | +0.719} 0.553 
3.75 | +0.024} 0.165 
3.97 | +0.081 0.020 
4.44* | +0.029| 0.137 
3.67 | +0.007} 0.037 
5.06 | +0.356) 0.136 
4.69 | +0.045 0.147 
4.36 | +0.061 0.216 
5.09 | +0.175 0.026 
4.85* | +0.253 | 0.161 
3.24 | +0.001 0.093 
2.99 | +0.012} 0.147 
5.53 | +0.176} 0.189 
4.11 | +0.024|] 0.181 
3.76 | +0.579| 0.390 
3.93* | +0.130} 0.194 
3.37* | +0.203 0.170 
4.67 | +0.472] 0.324 
4.49 | +0.262 0.157 
4.36 | —0.017| 0.087 
4.95 | +0.085 | —0.024 
4.39 | +0.489 0.259 
5.98 | +0.410] 0.212 
6.23 | +0.417| 0.223 
2.71 | +0.936| 0.762 
S00 | eROBIOF *O155 
0.76 | +0.137 0.178 


* V magnitude may be or is variable. 


Type 


AF 


AF 


AF 
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any 
Right 


v1661 


HAMMOND 


(aso Se ea 


1955 14.4 
19 56 10.0 
20 20 34.8 
20 22 10.5 


20 33 52.8 
20 39 34.1 
20 46 00.4 
20 46 09.0 
20 48 53.3 


20 50 01.7 
21 04 19.2 
21 06 50.6 
21 06 50.6 
21 1721.4 


21 18 32.6 
21 26 19.3 
21 37 41.2 
DANS S228 
21 44 26.5 


21 50 04.4 
21 53 50.3 
22 08 08.4 
22 08 17.8 
220999. 


22 14 58.7 
22 27 47.0 
227 SA NSES 
2S NO. 
22 39 11.6 


22 41 23.2 
22 45 54.6 
22 46 37.1 
22 48 27.9 
22 54 34.3 


MPL SST MESS) 
22 57 34.1 
23 04 41.2 
23 113937 
D3 NDB 9 


PESAUT PAWNS) 
23 20 33.8 
23 23 43.1 
23 36 18.7 
23 38 03.8 


23 39 52.4 
23 40 20.1 
23 59 14.1 
23 59 50.4 


+ 62411 
+1125 11 
— 12 45 50 
+40 1507 


+1301 19 
+15 54 24 
—25 1635 
+33 57 53 
+46 06 31 


+44 03 13 
—1951 40 
+38 44 18 
+ 38 44 18 
+39 23 18 


+62 34 45 
— 65 22 23 
+19 18 42 
+ 62 04 31 
+17 20 35 


+17 16 43 
— 37 22 19 
— 46 58 06 
— 32 59 45 
+33 1015 


+57 02 10 
+ 44117 
+50 16 29 
+51 32 15 
+39 02 33 


+1049 25 
— 81 23 22 
+1209 54 
—51 1929 
—15 49 44 


+20 45 38 
— 29 37 49 
+15 1150 
+ 84243 
+49 23 53 


—58 14 38 
+23 43 56 
+32 31 23 
+ 205 38 
+43 15 35 


+ 53705 
+44 19 32 
+ 65118 
— 65 35 08 


* V magnitude may be or is variable. 


Ascension Declination | Spectral Type 
hm s CMe 
19 5057.3 | +1024 43 | F8 V 


G8 IV 
AL V 
BOV 
F8 Ib 


A2 V 
BO IV 
F4V 
KO-I] 
B2.5 Ia 


A4m 
ASV 
K5V 
K7V 
B9 Iab 


A7Vtn 
F6 Vp 
FO vt 
B2 Ib 
G5 Ib 


F2 DI—IV 
B8 Il 

B7 Vn 

Al IVnn 
F3 II 


AQ IV 

KO HI—IV 
Al Va 
A7TIV 

09 V 


B8.5 Ill 
A7 Ill—IV 
F6 V 

A2 Va 

A3 IV—V 


G5 V 

A3 Va 

AO III—IV 
A5 Van 

FO V 


F2V 

A5 V 

F4 Vw 
F6 Vbvw 
B8 V 


F7 V 
B8 [Vn 
F3 V 
BOIV 


els 
3:72* 
5129 
4.76 
DD PRs) 


5.40 
SI/7/ 
4.14 
2.46 
4.86* 


5.04 
4.86 
5.21 
6.04 
4.23 


2.45* 
4.23 
5.47* 
4.73* 
4.34 


See 
3.01 
1.74 
4.50 
4.29 


4.19* 
4.79 
Sc 
4.65 
4.89 


3.40 
4.14 
4.19 
3.49 
3.28 


5.45 
1.16 
2.48 
5.16 
4.53 


2) 
4.60* 
6.69 
5.69 
4.29 


4.13 
4.14 
4.03 
4.50 


or 


+0.356 
+0.522 
— 0.006 
— 0.020 
+0.396 


+0.023 
—0.019 
+0.278 
+0.627 
+0.356 


+0.108 
+0.090 
+0.656 
+0.792 
+ 0.138 


+0.125 
+0.333 
+0.199 
+0.275 
+0.706 


+ 0.263 
— 0.045 
—0.058 
+0.032 
+ 0.304 


+0.169 
+0.640 
+0.001 
+0.149 
— 0.066 


—0.035 
+0.124 
+ 0.330 
+0.051 
+0.036 


+0.415 
+0.039 
—0.012 
+0.076 
+0.188 


+0.271 
+0.105 
+0.321 
+0.306 
— 0.031 


+0.331 
—0.035 
+0.271 
— 0.023 


+ Center of gravity position; see Bright Stars list for orbital position. 


2.853 
2.641 


2.918 
2.799 
2.673 


2.530 


2.844 
2.861 


2.583 


2.808 
2.613 
2.734 
2.558 


2.688 


DOS 
2.872 


2.758 


2.906 
2.784 
2.587 


2.768 
2.817 


2.856 
2.890 


2.906 
2.840 
2.820 


2.665 


2.728 


2.621 
2.833 
2.667 
2.722 


AF 


AF 


AF 


H42 STANDARD RADIAL VELOCITY STARS, J1998.5 


h ms On Pt km/sec 
693t 011 11.3 — 15 28 34 4.89 F6 V + 14.7 40.2 
Si 0 40 25.3 + 563145 2.23 KO~ Ila - 39 O.1 
3765 0 40 44.3 + 40 1045 7.36 | dKS — 63.0 0.2 
4128t 188 | 16 GB Cet 0 43 30.9 — 1759 41 2.04 G9 IT CH—1CN0.5Cal |} + 13.1 O.1 
4388 0 46 22.2 + 30 56 37 K3 IIE — 283 0.6 
8779t 416 1 26 22.7 — 02423 6.41 gKO — 5.0 +0.6 
9138 434 | 98 pw Psc 1 30 06.4 + 608 10 4.84 K4 Ill +354 0.5 
12029 158 36.7 + 292221 7.80 K2 Il + 38.6 0.5 
12929 617 | 13 @ Ari 2 07 05.3 + 23 2719 2.00 K2~ IIlab Ca—1 — 143 0.2 
18884¢ OTN 1) 92%ar Get 3102: 12At + 40502 DiS ML.5 Illa — 25.8 0.1 
22484t| 1101 10. Tau 3 36 47.8 + 02349 4.28 F9IV—V + 27.9 +0.1 
23169 3 43 47.6 + 25 43 15 8.75 G2V 13 3qa0:2 
26162¢; 1283 | 43 Tau 409 04.7 + 193619 5.50 K1 If + 23.9 0.6 
29139t| 1457 | 87 a Tau 4 35 50.1 + 163023 0.85 K5+ Il +541 O.1 
29587 4 41 30.0 + 42 0657 7 29a sdG2 +1124 0.2 
32963 5 07 50.1 + 26 1935 VAP G2V — 63.1 +04 
36079t| 1829 9 6B Lep 5 28 10.9 — 2045 38 2.84 G5 II — 13546,01 
42397 6 11 29.2 + 25 00 36 8.03 GO IV +374 04 
51250 2593 | 18 w CMa | 65602.5 — 1402 29 5.00 K2 III + B9V: + 19.6 0.5 
62509 2990 | 78 @ Gem | 745 13.5 + 2801 48 1.14 KO Ib eee) OO 
65583 8 00 26.7 + 291301 7.00 | dG7 + 12.5 +0.4 
65934 8 02 05.7 + 26 38 32 7.94 G8 Ill + 35.0 0.3 
66141t} 3145 8 02 11.2 + 22019 4.39 K2 IIIb F2—0.5 + 70.9 0.3 
75935 if 8 53 44.7 + 2655 08 8.63 G8 V — 189 03 
80170 3694 ON ORS H. — 39 23 42 Sieh KS IlI—IV 0.0 0.2 
81797t| 3748 | 30 a Hya 9 27 30.8 — 83908 1.98 K3 0—Iil — 44 +0.2 
84441 3873 |' lie leo 9 45 46.0 + 23 4652 2.98 G1 + 48 0.1 
86801 1001 29.1 | + 2834 26 8.88 GO V — 145 04 
89449t| 4054 | 40 Leo 10 1939.3 | + 192843 4.79 F6 IV + 65 05 
90861 10 29 48.7 | + 2835 20 7.20 K2 Ill + 363 0.4 
92588t} 4182 | 33 Sex 1041 19.6 | — 14401 6.26 | sgKl + 42.8 +0.1 
102494 114751.8 | + 272055 7.44 G8 IV — 229 03 
102870 4540 5 B Vir 11 5037.0 | + 14623 3.61 F9V + 5.0 0.2 
103095 4550 11 5253.6 | + 3743 46 6.45 G8 Vp — 99.1 0.3 
107328t] 4695 l6met Wir 12 2016.4} + 31915 4.96 KO.5 IIb Fe—0.5 + 35.7 03 
108903 4763 ry eri 12 3104.9 | — 570617 1.63 M3.5 Ill ee alao) Os) 
109379 4786 9 B Crv 12 3418.5 | — 232319 2.65 G5 IIb —- 70 0.0 
112299 1255 24.1 | + 2544 46 8.66 F8 V + 34 05 
114762t 13.12 15.4 | + 173129 7,31 dF7 +499 05 
122693 1402 47.9 | + 243408 8.21 F8 V => 10. 3iuag 0.2 
123782 5300 | 13 Boo | 1408 13.9 | + 492755 S25 M2 IIlab — 13.4 +03 
124897t| 5340 | 16 a Boo 14 15 35.6 | + 191125 — 0.04 K1.5 Ill Fe—0.5 = 15.3, .0:1 
126053 5384 1423 10.7 | + 11455 6.27 GI V — 185 04 
132737 1459 48.7 | + 270958 8.02 KO Ill — 241 03 
136202t| 5694 Dae el 1519142 | + 14616 5.06 F8 IV—V + 53.5 0.2 


} Candidate for inclusion in revised list of primary standard stars currently in 
preparation by IAU Commission 30; recommended for intensive observation. 


STANDARD RADIAL VELOCITY STARS, J1998.5 H43 


med, yea Spectral Type ae 
hums orw km/sec 

140913 15 45 03.8 | + 28 28 30 GO V — 20.8 +0.4 
144579 16 0453.7 | + 3909 38 dG8 — 60.0 03 
145001 6008 7 «& Her | 1608005 | + 170303 GS Il —- 95 0.2 
146051¢| 6056 1 6 Oph | 1614160 | — 34126 MO.5 II — 198 0.0 
149803 16 35 50.8 | + 294453 F7 V —- 76 04 
150798 6217 a TrA | 16 4830.3 | — 6901 31 K2 IIb—IIIa — 3.7 £0.2 
154417 6349 1705 12.3 | + 04216 GO V — 174 03 
157457 6468 « Ara | 172553.0 | — 503756 G8 Ill +174 0.2 
161096t| 6603 | 60 GB Oph | 174323.9 | + 43404 K2 IIL CN 0.5 — 12.0 0.1 
168454 6859 | 19 6 Sgr | 182053.9 | — 294944 K2.5 IllaCN0.5 | — 20.0 0.0 
171232 18 3232.4 | + 252917 G8 Ill = 39.9) 20/5 
171391t| 6970 18 3457.4 | — 1058 42 G8 Ill + 69 0.2 
182572518 737390 131 Aql | 192453.9 | + 115628 G7 IV Hé 1 —100.5 0.4 

i 19 3456.8 | + 290501 F7V — 36.6 0.5 
186791 7525 | 50 y Aql |} 194611.3 | + 103634 K3 II = DI VOD 
187691t] 7560 | 54 o Aql | 195057.3 | + 1024 43 F8 V + 0.1 40.3 
194071 20 22 33.9 | + 28 1430 G8 Ul - 98 0.1 
203638¢| 8183 | 33 Cap | 21 2404.6 | — 205131 KO Ill +219 O.1 
204867t| 8232 | 22 B Agr | 2131288 | — 53440 GO Ib + 67 O.1 
206778 8308 8 « Peg | 2144067 | + 95205 K2 Ib—II FL OFT 60:2; 
212943) 8551 | 35 Peg | 222747.0] + 44117 KO I-IV + 54.3 40.3 
213014t 22 2807.2 | + 171521 dG8 — 39.7 0.0 
213947 22 34 32.3 | + 2635 25 K4 Il + 16.7 03 
222368 8969 | 17 ec Psc | 233952.4 |} + 53705 F7 V 3, 58e1 012 
223094 23 46 20.9 | + 2841 42 KS UI +196 0.3 
223311 9014 23 48 27.9 | — 62320 gk4 — 20.4 +0.1 
223647 9032 yi Oct | 235201.9 | — 8201 38 G5 lll + 13.8 04 


+ BD 28°3402 
t Candidate for inclusion in revised list of primary standard stars currently in 
preparation by IAU Commission 30; recommended for intensive observation. 
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NGC or IC 
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NGC 7814 
NGC 0045 
NGC 0055 
NGC 0134 


NGC 0147 
NGC 0185 
NGC 0205 
NGC 0221 
NGC 0224 


NGC 0247 
NGC 0253 
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NGC 0300 
IC 1613 


NGC 0488 
NGC 0578 
NGC 0598 
NGC 0613 
NGC 0628 


NGC 0672 
NGC 0772 
NGC 0891 
NGC 0908 
NGC 0925 


NGC 0936 
FORNX 

NGC 1023 
NGC 1055 
NGC 1068 


NGC 1073 
NGC 1097 
NGC 1232 
NGC 1291 
NGC 1313 


NGC 1300 
NGC 1316 
NGC 1332 
NGC 1365 
NGC 1380 


NGC 1398 
NGC 1433 
NGC 1448 
IC 0342 
IC 0356 


BRIGHT GALAXIES, 


h m 
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0 30.30 
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0 42.62 
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0 52.60 
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1 33.76 
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2 22.47 
2 23.02 
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2 27.55 
239193 
2 40.32 
2 41.68 
2 42.60 


2 43.59 
2 46.25 
3 09.69 
3 17.24 
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3 19.61 
3 22.63 
326222 
eo hae) 
3 36.40 


3 38.80 
3 41.97 
3 44.48 
3 46.67 
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Declina- 
tion 


©. a 
— 1527.5 
+16 08.2 
—23 11.4 
—39 13.7 
—33 15.0 


+48 29.9 
+48 19.8 
+41 40.7 
+40 51.4 
+41 15.6 


— 20 46.0 
—25 17.8 
—72 49.0 
—3741.4 
+ 206.7 


+ 514.9 
—22 40.5 
+30 39.1 
—29 25.4 
+15 46.5 


+27 25.5 
+18 59.9 
+42.20.4 
—21 14.5 
+33 34.3 


— 109.7 
— 34 27.3 
+39 03.4 
+ 026.1 
— 001.1 


+ 122.2 
—30 16.7 
— 20 35.1 
— 41 06.8 
— 66 30.2 


— 19 25.0 
—37 12.9 
—21 20.4 
— 36 08.7 
— 34 58.8 


— 26 20.5 
— 47 13.6 
— 44 38.9 
+68 05.5 
+69 48.6 


Revised 
Morphological 
Type 


IB(s)m 
SA(s)ab: sp 
SA(s)dm 
SB(s)m: sp 
SAB(s)bc 


E5 pec 
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(R)SA(rs)b 


SB(rs)c 
SB(s)b 
SAB(rs)c 
(R)SB(s)O/a 
SB(s)d 


SB(rs)be 
SAB(s)0° pec 
S(s:)0~ sp 
SB(s)b 

SAO 


(R’)SB(r)ab 
(R’)SB(r)ab 
SAcd: sp 
SAB(rs)cd 
SA(s)ab pec 
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1.94 
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2.44 
3.50 
2.34 
22M 


ITZ 
1.69 
2.85 
1.74 
2.02 


1.86 
1.86 
213 
1.78 
2.02 


1.67 
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1.94 
1.88 
1.85 


1.69 
1.97 
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1.99 
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Ie7AS) 
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1.67 
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1.68 


1.85 
1.81 
1.88 
2.38 
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+ 468 
+ 124 
+1579 


— 160 
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+ 141 
— 230 


+2267 
+ 1630 
— 179 
+ 1478 
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4 47 
+ 632 
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+1135 
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+ 1663 
+1841 
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+ 32 
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— 32 
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— 93 
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+1239 
+ 363 


+ 152 
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+ 320 
+ 1282 
+ 331 
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— 118 
433 
770 
911 


+ 988 
+1103 
+1519 
+ 726 
+ 419 


+1415 
+ 1678 
+ 1384 
+ 1558 
+ 1737 


+++ 


BRIGHT GALAXIES, J1998.5 H45 

Right : Revised ay os 

NGE€ or IC |’ Ascen- | Declina- Morphological | 7 iy | POS, E08. |, pl Bey U-B V V, 
sion Noe Type D25 | Ros T 3K 

h m One ia km/sec | km/sec 
NGC 1566 | 419.98 | —54 56.5 | SAB(s)bc + 4.0} 1.7] 1.92 | 0.10 | 10.33 | 0.60} —0.04 |] +1492 | +1472 
NGC 1617 | 431.63 | —54 36.3 | SB(s)a + 1.0 1.63 | 0.31 | 11.38) 0.94 | +0.50} +1000 | +1052 
NGC 1672 | 445.68 | —59 15.1 | SB(s)b + 3.0 | 3.1] 1.82 | 0.08 | 10.28 | 0.60 | +0.01 | +1339 | +1346 
NGC 1808 | 5 07.66 | —37 31.0 | (R)SAB(s)a + 1.0 1.81 | 0.22 | 10.76 | 0.82 | +0.29} +1006 | +1017 
LMC 5 23.60 | —69 45.0 | SB(s)m + 9.0) 5.8 | 3.81 | 0.07 | 0.91 | 0.51 0.00} + 313 | + 351 
NGC 2146 | 6 18.44 | +78 21.5 | SB(s)ab pec + 2.0 | 3.4) 1.78 | 0.25 | 11.38 | 0.79 | +0.29| + 890 | + 874 
NGC 2217 | 621.60 | —27 14.0 | (R)SB(rs)0* — 1.0 1.65 | 0.03 | 11.71 | 1.00 | +0.54 |} +1619 | +1723 
NGC 2336 | 7 26.82 | +80 10.9 | SAB(r)bc + 4.0} 1.1] 1.85 | 0.26 | 11.05 | 0.62 | +0.06 | +2200 | +2196 
NGC 2366 | 728.75 | +69 13.1 | IB(s)m +10.0 | 8.7} 1.91 | 0.39 | 11.43 | 0.58 + 99] + 134 
NGC 2442 | 736.40 | —69 31.6 | SAB(s)be pec | + 4.0} 2.5 | 1.74 | 0.05 | 11.24] 0.82 | +0.23] +1448 | +1554 
NGC 2403 | 7 36.73 | +65 36.2 | SAB(s)cd + 6.0} 5.4] 2.34 | 0.25 | 8.93 | 0.47 + 130] + 181 
HLMII 8 18.95 | +70 43.1 | Im +10.0 | 8.0 | 1.90 | 0.10 | 11.10 | 0.44 + 157 | + 207 
NGC 2613 | 833.32 | —22 58.1 | SA(s)b + 3.0 | 3.0] 1.86 | 0.61 | 11.16} 0.91 | +0.38 | +1677 | +1940 
NGC 2683 | 852.60) +33 25.4 | SA(ts)b + 3.0 | 4.0} 1.97 | 0.63 | 10.64 | 0.89 | +0.27] + 405 | + 626 
NGC 2655 | 855.45 | +78 13.8 | SAB(s)0/a 0.0 1.69 | 0.08 | 10.96 | 0.86 | +0.43 | +1404 | +1427 
NGC 2775 | 9 10.26) + 702.6 | SA(r)ab + 2.0 1.63 | 0.11 | 11.03 | 0.90 | +0.38 | +1354 | +1650 
NGC 2768 | 911.51 | +60 02.8 | E6: — 5.0 1.91 | 0.28 | 10.84] 0.97 | +0.46] +1335 | +1455 
NGC 2784 | 9 12.26} —24 10.9 | SA(s)0°: — 2.0 1.74 | 0.39 | 11.30] 1.14 | +0.72] + 691 | + 985 
NGC 2841 | 921.93 | +50 58.9 | SA(b: + 3.0] 0.5} 1.91 | 0.36 | 10.09 | 0.87 | +0.34] + 637} + 807 
NGC 2903 | 932.09 | +21 30.4 | SAB(rs)be + 4.0} 2.3} 2.10 | 0.32 | 9.68 | 0.67 | +0.06} + 556] + 841 
NGC 2997 | 9 45.58 | —31 11.1 | SAB(ts)c + 5.0} 1.6} 1.95 | 0.12 | 10.06 | 0.70 | +0.30 | +1087 | +1388 
NGC 2976 | 947.14} +67 55.2 | SAc pec + 5.0} 6.8 | 1.77 | 0.34 | 10.82 | 0.66 0.00; + 3)+ 93 
NGC 3031 | 955.45 | +69 04.4 | SA(s)ab + 2.0 | 2.2 | 2.43 | 0.28 | 7.89] 0.95 | +048] — 36/+ 48 
NGC 3034 | 955.78} +69 41.4 | IO 2.05 | 0.42 | 9.30] 0.89 | +0.31) + 216] + 296 
NGC 3079 | 1001.88 | +55 41.2 | SB(s)c + 7.0 | 3.0} 1.90 | 0.74 | 11.54 | 0:68 | +0.03 | +1124 | +1285 
NGC 3077 | 10 03.24 | +68 44.5 | IO pec 1.73 | 0.08 | 10.61] 0.76 | +0.14] + 13] + 102 
NGC 3115 | 1005.17] — 742.7 | SO~ — 3.0 1.86 | 0.47 | 9.87} 0.97 | +0.54| + 661 | +1005 
LEO I 10 08.39 | +12 18.9 | dE3 5.0 1:99" | 02125) TVs + 168} + 494 
NGC 3166 | 10 13.68 | + 3 26.1 | SAB(ts)0/a 0.0 1.68 | 0.31 | 11.32 ]0.93 | +040) +1345 | +1686 
NGC 3169 | 10 14.15 | + 3 28.7 | SA(s)a pec + 1.0 1.64 | 0.20 | 11.08 | 0.85 | +0.26 | +1233 | +1575 
NGC 3184 | 10 18.20 | +41 25.9 | SAB(rs)cd + 6.0 | 3.5 | 1.87 | 0.03 | 10.36] 0.58 | —0.03} + 591 | + 826 
NGC 3198 | 10 19.83 | +45 33.5 | SB(rs)c + 5.0 | 2.6} 1.93 | 0.41 | 10.87] 0.54 | —0.04} + 663 | + 880 
IC 2574 10 28.27 | +68 25.4 | SAB(s)m + 9.0} 8.0] 2.12 | 0.39 | 10.80 | 0.44 + 46/4 141 
NGC 3338 | 10 42.05 | +13 45.4 | SA(s)c + 5.0} 2.3} 1.77 | 0.21 | 11.64] 0.59 | —0.01 | +1300 | +1636 
NGC 3344 | 10 43.44 | +24 55.8 | (R)SAB(r)bc + 4.0} 1.9] 1.85 | 0.04 | 10.45 | 0.59 | —0.07} + 585] + 891 
NGC 3351 | 10 43.90} +11 42.7 | SB(r)b + 3.0} 3.3] 1.87 | 0.17 | 10.53 | 0.80 | +0.18} + 777 ) +1117 
NGC 3359 | 10 46.53 | +63 13.9 | SB(ts)c + 5.0} 3.0} 1.86 | 0.22 | 11.03 | 0.46 | —0.20} +1012 | +1140 
NGC 3368 | 10 46.68 | +11 49.7 | SAB(rs)ab + 2.0} 3.4} 1.88 | 0.16 | 10.11 | 0.86 | +0.31 | + 897 | +1238 
NGC 3379 | 10 47.75 | +12 35.4 | El — 5.0 1.73 | 0.05 | 10.24 | 0.96 | +0.53 | + 889 | +1228 
NGC 3384 | 10 48.21 | +12 38.3 | SB(s)O7: — 3.0 1.74 | 0.34 | 10.85 |0.93 | +0.44| + 735 | +1074 
NGC 3486 | 11 00.32 | +28 59.0 | SAB(r)c + 5.0} 2.6} 1.85 | 0.13 | 11.05] 0.52 | —0.16| + 681 | + 976 
NGC 3521 | 11 05.74 | — 001.8 | SAB(ts)be + 4.0 | 3.6 | 2.04 | 0.33 | 9.83] 0.81 | +0.23| + 804 | +1162 
NGC 3556 | 11 11.45 | +55 40.8 | SB(s)cd + 6.0 | 5.7 | 1.94 | 0.59 | 10.69 | 0.66 | +0.07| + 694 | + 866 
NGC 3623 | 11 18.85 | +13 06.1 | SAB(ts)a + 1.0) 3.3} 1.99 | 0.53 | 10.25 | 0.92 | +0.45| + 806 | +1147 
NGC 3627 | 11 20.18 | +13 00.0 | SAB(s)b + 3.0] 3.0] 1.96 | 0.34 | 9.65 | 0.73 | +0.20] + 726 | +1067 
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BRIGHT GALAXIES, J1998.5 
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+1956 
+ 912 
+2279 
+ 578 


+1282 
+1324 
+2279 
+1121 
+ 460 


NGC or IC 


NGC 4527 
NGC 4535 
NGC 4536 
NGC 4548 
NGC 4559 


NGC 4565 
NGC 4569 
NGC 4579 
NGC 4594 
NGC 4605 


NGC 4621 
NGC 4631 
NGC 4636 
NGC 4649 
NGC 4654 


NGC 4656 
NGC 4697 
NGC 4725 
NGC 4736 
NGC 4754 


NGC 4753 
NGC 4762 
NGC 4826 
NGC 4856 
NGC 4945 


NGC 5005 
NGC 5033 
NGC 5055 
NGC 5102 
NGC 5128 


NGC 5194 
NGC 5195 
NGC 5236 
NGC 5248 
NGC 5247 


NGC 5322 
NGC 5364 
NGC 5457 
NGC 5474 
NGC 5585 


NGC 5566 
NGC 5643 
NGC 5866 
NGC 5907 
NGC 5921 


h m 

12 34.08 
12 34.30 
12 34.38 
12 35.36 
12 35.89 


12 36.29 
12 36.77 
12 37.67 
12)39.91 
12539°95 


12 41.97 
12 42.06 
12 42.76 
12 43.60 
12 43.88 


12 43.90 
12 48.53 
12 50.38 
12 50.82 
1252722 


12 52.29 
IDS veesy/ 
12 56.67 
12 59.26 
13 05.35 


13 10.88 
13 13.41 
13 15.76 
13 21.88 
13 25.40 


13 29.83 
1312992 
13 36.91 
13 37.46 
13337,99 


13 49.21 
13 56.13 
14 03.16 
14 04.99 
14 19.76 


14 20.27 
14 32.60 
15 06.47 
15 15.86 
15 21.87 


BRIGHT GALAXIES, J1998.5 H47 
Declina- Revised Log | Lo 
an Morphological T iG Dos | R i V Vig 
Type 
One km/sec | km/sec 
+ 239.8 | SAB(s)bc + 4.0 | 3.3 | 1.79 | 0.47 +1733 | +2070 
+ 8 12.4 | SAB(s)c + 5.0] 1.6] 1.85 | 0.15 +1957 | +2287 
+ 211.8 | SAB(ts)bc + 4.0] 2.0] 1.88 | 0.37 +1804 | +2141 
+14 30.3 | SB(rs)b + 3.0] 2.3 | 1.73 | 0.10 + 486 | + 803 
+27 58.1 | SAB(ts)cd + 6.0 | 4.3 | 2.03 | 0.39 + 814 | +1095 
+25 59.6 | SA(s)b? sp + 3.0} 1.0} 2.20 | 0.87 +1225 | +1513 
+13 10.3 | SAB(rs)ab + 2.0] 2.4] 1.98 | 0.34 — 236} + 82 
+11 49.7 | SAB(rs)b + 3.0] 3.1} 1.77 | 0.10 +1521 | +1843 
— 11 36.9 | SA(s)a sp + 1.0 1.94 | 0.39 +1089 | +1425 
+61 37.0 | SB(s)c pec + 5.0} 5.7] 1.76 | 0.42 + 143 | + 271 
+ IES OBES — 5.0 1.73 | 0.16 + 430} + 750 
+32 33.0 | SB(s)d + 7.0] 5.0} 2.19 | 0.76 + 608 | + 871 
+ 241.8 | EO-1 — 5.0 1.78 | 0.11 +1017 | +1349 
+11 33.5 | E2 — 5.0 1.87 | 0.09 +1114 | +1433 
+13 08.1 | SAB(rs)cd + 6.0] 3.3} 1.69 | 0.24 +1035 | +1351 
+32 10.7 | SB(s)m pec + 9.0] 7.0} 2.18 | 0.71 + 640} + 903 
— 547.6 | E6 — 5.0 1.86 | 0.19 +1236 | +1568 
+25 30.6 | SAB(r)ab pec | + 2.0] 2.4 | 2.03 | 0.15 +1205 | +1487 
+41 07.7 | (R)SA(r)ab + 2.0 | 3.0] 2.05 | 0.09 + 308 | + 531 
+11 19.3 | SB(r:)0— — 3.0 1.66 | 0.27 +1461 | +1710 
— 111.5] 10 1.78 | 0.33 +1237 | +1566 
+11 14.3 | SB(r)0°? sp — 2.0 1.94 | 0.72 + 979 | +1294 
+21 41.6 | (R)SA(rs)ab + 2.0) 3.5 | 2.00 | 0.27 + 411 | + 700 
—15 02.0 | SB(s)O/a 0.0 1.63 | 0.56 +1353 | +1674 
—49 27.8 | SB(s)cd: sp + 6.0 | 6.7 | 2.30 | 0.72 + 560 | + 796 
+37 03.9 | SAB(rs)be + 4.0 | 3.3] 1.76 | 0.32 + 948 | +1177 
+ 36 36.2 | SA(s)c + 5.0 | 2.2 | 2.03 | 0.33 + 877 | +1107 
+42 02.3 | SA(rs)be + 4.0) 3.9] 2.10 | 0.24 + 504] +4 711 
— 36 37.3 | SAO~ — 3.0 1.94 | 0.49 + 468 | + 737 
— 43 00.5 | El/SO + S pec 2.41 | 0.11 + 559] + 806 
+47 12.3 | SA(s)be pec + 4.0} 1.8} 2.05 | 0.21 + 463 | + 640 
+47 16.8 | I0 pec 1.76 | 0.10 + 484] + 662 
— 29 51.6 | SAB(s)c + 5.0] 2.8] 2.11 | 0.05 + 514] + 788 
+ 853.6 | SAB(rs)be + 4.0} 1.8] 1.79 | 0.14 +1153 | +1437 
— 1752.6 | SA(s)be + 4.0} 1.8] 1.75 | 0.06 +1357 | +1647 
+60 12.0 | E3—4 — 5.0 1.77 | 0.18 +1915 | +2024 
+ 501.4 | SA(ts)be pec + 4.0] 1.1} 1.83 | 0.19 +1241 | +1512 
+54 21.4 | SAB(ts)cd + 6.0} 1.1 | 2.46 | 0.03 + 240 | + 367 
+53 40.2 | SA(s)cd pec + 6.0 | 8.0} 1.68 | 0.05 + 277 | + 405 
+56 44.2 | SAB(s)d + 7.0] 7.6 | 1.76 | 0.19 + 304] + 412 
+ 356.4 | SB(r)ab + 2.0 | 3.6} 1.82 | 0.48 +1505 | +1753 
— 44 10.0 | SAB(rs)c + 5.0} 4.6 | 1.66 | 0.06 +1197 | +1392 
+55 46.1 | SAOT — 1.0 1.67 | 0.38 + 769} + 848 
+56 20.1 | SA(s)c: sp + 5.0] 3.0] 2.10 | 0.96 + 666 | + 735 
+ 504.5 | SB(r)be + 4.0 | 2.2 | 1.69 | 0.09 +1480 | +1648 


H48 


BRIGHT GALAXIES, 


J1998.5 


Right Doclina. Revised 

NGC or IC | Ascen- ; Morphological 
: tion 

sion Type 

h m of km/sec 
NGC 6300 | 17 16.85 | — 62 49.1 | SB(rs)b +1142 
NGC 6384 | 17 32.33 | + 703.7 | SAB(r)be +1640 
NGC 6503 | 17 49.46 | +70 08.7 | SA(s)cd - 8 
NGC 6744 | 19 09.62 | — 63 51.5 | SAB(r)be + 797 
NGC 6822 | 19 44.87 | — 14 48.5 | IB(s)m — 253 
NGC 6946 | 20 34.84 | +60 08.9 | SAB(rs)cd — 116 
NGC 7331 | 22 37.02 | +34 24.7 | SA(s)b + 510 
NGC 7410 | 22 54.92 | —39 40.2 | SB(s)a +1500 
IC 5267 22 57.14 | —43 24.2 | SA(ts)O/a + 1480 
NGC 7424 | 22 57.22 | —41 04.6 | SAB(rs)cd + 696 
NGC 7582 | 23 18.30 | —42 22.7 | (R’)SB(s)ab + 1334 
NGC 7640 | 23 22.05 | +40 50.3 | SB(c)c + 74 
1Gi5332 23 34.38 | —36 06.6 | SA(s)d + 439 
NGC 7793 | 23 57.76 | —32 35.8 | SA(s)d E48 


W-L-M = A2359—15 = Wolf—Lundmark—Melotte neb. = DDO 221 


SMC = A0051—73 = Small Magellanic Cloud 
FORNX  =A0237—34 = Fornax System 

LMC = A0524—69 =Large Magellanic Cloud 
HLMII = A0813+70 =Holmberg.II = DDO 50 
LEO I =A1005+12 = Regulus System = DDO 74 
NGC 224 =M31 = Andromeda Nebula 
NGC 221 =M32 

NGG 5938iq=M33 = Triangulum Nebula 
NGC 5194 =MS1 = Whirlpool Nebula 

NGC 5457 =M1O01 = Pinwheel Nebula 

NGC 4594. =M104 = Sombrero Nebula 


NGC 5128 


= Centaurus A 


SELECTED OPEN CLUSTERS, J1998.5 


IAU 
Desig. 


C0001 —302 
C0022 +610 
C0027 +599 
C0029 +628 
C0030 +630 


C0036 + 608 
C0040 +615 
C0039 +850 
C0048 +579 
C0112 +598 


C0112 +585 
C0115 +580 
C0126 +630 
C0129 +604 
C0132+610 


C0139 +637 
C0140+616 
C0140 +604 
C0142+610 
C01444717 


C0149 +615 
C0154 +374 
C0155 +552 
C0211 +590 
C0215 +569 


C0218 +568 
C0225 +604 
C0228 +612 
C0233 +557 
C0238 +425 


C0238 +613 
C0247 +602 
C0302 +441 
C0311 +470 
C0318 +484 


C0328 +371 
C0344 +239 
C0400 +524 
C0403 +622 
C0406 +493 


C0411+511 
C0417 +448 
C0417 +501 
C0424 +157 
C0443 + 189 


C0445 + 108 
C0447 +436 
C0504 +369 
C0509 + 166 
C0518 —685 


* Magnitude of brightest cluster member. 


Name 


Blanco 1 
NGC 103 
NGC 129 
King 14 

NGC 146 


NGC 189 
NGC 225 
NGC 188 
King 2 

NGC 433 


NGC 436 
NGC 457 
NGC 559 
NGC 581 
Trump | 


NGC 637 
NGC 654 
NGC 659 
NGC 663 
Coll 463 


IC 166 
NGC 752 
NGC 744 
Stock 2 
NGC 869 


NGC 884 
Mark 6 

IC 1805 
Trump 2 
NGC 1039 


NGC 1027 
IC 1848 
NGC 1193 
NGC 1245 
Mel 20 


NGC 1342 
Pleiades 

NGC 1496 
NGC 1502 
NGC 1513 


NGC 1528 
Berk 11 
NGC 1545 
Hyades 
NGC 1647 


NGC 1662 
NGC 1664 
NGC 1778 
NGC 1817 
NGC 1901 


= 


pe 

240 
2900 
1670 
2800 
3200 


750 
610 
1500 
5700 
2100 


2100 
3100 
1100 
2500 
2300 


2400 
2000 
2500 
2500 

660 


3100 
360 
1400 
300 
2200 


2200 
510 
2200 
560 
450 


1200 
2300 
5800 
2200 

160 


540 
130 
1230 
930 
1320 


750 
2200 
760 
43 
540 


380 
1100 
1500 
1800 

420 


Class 


IV 3m 
im 
I 2m 
Il 1 p 
2p 


Il 1 p 
Il 1 pn 
12a 
Il 2m 
Ill 2 p 


12m 
W3r 
Ilm 
II 2m 
Il 2 p 


12m 
W2r 
1 2) 
Isa 
Ill 2 m 


Wr 
Wi2er 
Il 1 p 
I2m 
Desir 


eS Er: 
Ill 1 p 
II 3 mn 
Il 2 p 
Isr 


Il 3 mn 
I 3 pn 
P20 
Il 2r 
Il 3 m 


Ill 2 m 
13m 
Ill 2 p 
13m 
Il 1 m 


2m 
112m 
IV 2p 


iM 2) te 
Il 3m 
Ill 2 p 


IV 2r 
Il 3 m 


Trumpler 


H49 
Tot. | Spec- Lo Lo 
pe | Mag. Ae Fe/H av 
8 | 7.69 | —0.17] 0.1 
5.8 | B3 11 | 7.46 1.62 
9.8} B3 L18 | 767; LS) 
B2 10 | 7.61 1.65 
9.6} B3 7.61 2.07 
MeL ie AO 7.00 1.62 
8.9} A2 8.11 0.84 
OB F2 10 | 9.81 | —0.06 | 0.12 
17 | 9.78 0.00 | 0.9 
OB 9 | 8.04 2.4 
9:3 |- BS LON TESS 0.45 
Sala BQ 6 | 7.00 1.41 
7.4 9 | 8.66 | —0.76 | 2.70 
6.9} B2 9 | 7.46 1.14 
8.9} B2 10 | 7.61 1.29 
7.3} BO 8 | 8.34 OU 
8.2 10 2.58 
VE 10 | 7.89 1.74 
6.4] Bl 9 | 6.95 2.0 
5.8 7.89 0.57 
17 | 9.38 231 
6.6| FO 8 | 9.38} —0.21 | 0.06 
T8) BY. 10 | 8.30 1.14 
B8 8.23 1.26 
4.3) Bl aki) 1226) 1.62 
44) Bl 7 1.62 
8 1.56 
4.8| O6 9 | 7.00 2.46 
9.0} B9 8.30 0.90 
5.8} B8 9 | 8.03 | —0.26 | 0.12 
7.4) B3 9 | 7.89 0.96 
7.0} O7 7.00 1.89 
12.6 14 | 9.90 0.7 
ae 12 | 9.03 | +0.14 | 0.81 
2.3| Bl 3 | 7.61 | +0.10 | 0.27 
7.2) Al 8 | 8.80} —0.13 | 0.81 
59 (BS 3 | 8.11 | +0.12 | 0.15 
9.6 12 | 8.80 
4.1| BO 7 | 6.70 1.8 
8.4 ee esas: 1.6 
6.4} B8 10 .| 8.34 | —0.10 | 0.87 
15") 7200 
4.6 9 | 8.30 1.02 
8 | A2 4 | 8.85] +0.12 | 0.00 
G24) Bi 9 | 8.28 0.9 
8.0) AO 9 | 8.11 | —0.20] 0.96 
7.2| AO 10 | 8.38 0.72 
8.5 8.11 0.93 
7.8 9 | 8.90 | —0.26 | 0.99 
8.92 0.15 


H50 


IAU 
Desig. 


C0519 +333 
C0520 +295 
C0524 +352 
C0525 +358 
C0532 —054 


C0532 +341 
C0546 +336 
C0548 +217 
C0549 +325 
C0600 + 104 


C0601 +240 
C0604 +241 
C0605 + 139 
C0605 +243 
C0606 +203 


C0609 +054 
C0611 +128 
C0613 — 186 
C0618 —072 
C0624 —047 


C0627 —312 
C0629 + 049 
C0632 +084 
C0634 +094 
C0638 +099 


C0640 +270 
C0644 — 206 
C0645 +411 
C0649 +005 
C0649 —070 


C0649 +030 
C0652 —245 
C0655 +065 
C0700 — 082 
C0701 +011 


C0704 — 100 
C0705 — 105 
C0706 — 130 
C0712 —256 
C0712 —310 


C0712 —102 
C0714 +138 
C0715 — 155 
C0716 —248 
C0717 — 130 


C0722 —321 
C0721 —131 
C0722 —209 
C0724 —476 
C0731 —153 


* Magnitude of brightest cluster member. 


ce Trumpler 
er eee 


NGC 1893 
Berk 19 

NGC 1907 
NGC 1912 
Trapezium 


NGC 1960 
King 8 
Berk 21 
NGC 2099 
NGC 2141 


I@2i57 

NGC 2158 
NGC 2169 
NGC 2168 
NGC 2175 


NGC 2186 
NGC 2194 
NGC 2204 
NGC 2215 
NGC 2232 


NGC 2243 
NGC 2244 
NGC 2251 
Trump 5 

NGC 2264 


NGC 2266 
NGC 2287 
NGC 2281 
NGC 2301 
NGC 2302 


Biur 10 
Coll 121 
Biur 8 
NGC 2323 
NGC 2324 


NGC 2335 
NGC 2343 
NGC 2345 
NGC 2354 
Coll 132 


NGC 2353 
NGC 2355 
NGC 2360 
NGC 2362 
Haff 6 


Coll 140 
NGC 2374 
NGC 2384 
Mel 66 
NGC 2414 


SELECTED OPEN CLUSTERS, J1998.5 


: 6 
5 24.0 
D219 
5 28.6 
J) 


5 36.0 
5 49.3 
551.6 
5 52.3 
6 03.0 


6 04.9 
6 07.4 
6 08.4 
6 08.8 
6 09.7 


612.1 
II 
6 15.6 
6 20.9 
6 26.5 


6297 
6 32.3 
6 34.6 
6 36.7 
6 41.0 


6 43.1 
6 47.0 
6 49.2 
651.7 
6519 


652.1 
6 54.1 
6 58.0 
703.1 
704.1 


7 06.5 
7 08.2 
7 08.2 
7 14.2 
7 14.4 


714.5 
7 16.8 
TSW 
718.7 
7 20.0 


UZ39 
Ti2a9 
7 25.0 
7 26.3 
| Sjey7 


133 m4 
+29 36 
+35 19 
+35 50 
— 523 


+34 08 
+33 38 
+21 47 
+32 33 
+10 26 


+24 00 
+24 06 
+13 58 
+24 20 
+20 19 


+ 527 
+1248 
—18 39 
PRD 
— 445 


—3117 
+ 452 
+ 822 
+ 927 
+ 953 


+26 58 
~2044 
+41 04 
+ 028 
=e R04 


+* 2:56 
— 24 38 
+ 626 
— 820 
+ 104 


— 1005 
— 1039 
—13 10 
— 25 44 
—31 10 


—1018 
+13 47 
—15 37 
— 24 56 
—1307 


32.12 
—13 16 
~2102 
—47 44 
~15 26 


4300 
4800 
1300 
1200 

460 


1200 
3400 
3600 
1300 
4200 


1900 
3900 
920 
850 
2700 


1800 
2700 
4300 
980 
360 


4070 
1500 
1600 
980 
790 


3400 
640 
460 
760 


Ii 3m 
Il1lm 
I 1 mn 
25 


Ill 1 m 
Ill 3 mn 


Il2m 
(EE 
I3m 
it Sir 
Iii 2m 


I lp 
IV3p 
We 
Il 8ir 
W2r 


Iii 2 mn 
II 2 pn 
Wer 
W2r 
Ill 3 p 


Ill 3 p 
Il2m 
I 3ir 
1LGbEt 
IV 2m 


Il 3 m 
IV 2p 
IV 3p 
I dir 
13m 


Tot. 
Mag. 


Spec- 
trum 


15 
11 


B9 11 


Bl 
B4 8 


OS Zi 


Os 5 


BS 8 
AO 8 


B8 14 
B8 9 


BO 9 


B8 
08 8 


Log 
age 


6.60 
9.49 
8.11 
8.19 


Log 
Fe/H 


— 0.50 
—0.10 
—0.11 


—0.50 


+0.01 
— 0.46 


—0.60 


+0.13 
—0.13 


SELECTED OPEN CLUSTERS, J1998.5 


IAU 


Desig. Name R.A. 
C0734 —205 | NGC 2421 : 
C0734 — 143 | NGC 2422 | 736.5 
C0734 —137 | NGC 2423 | 737.0 
C0735 —119 | Mel 71 TERME) 
C0735 +216 | NGC 2420 | 738.4 
C0738 —334 | Boch 15 7 40.0 
C0738 —315 | NGC 2439 | 740.8 
C0739 — 147 | NGC 2437 | 741.7 
C0742 —237 | NGC 2447 | 7 44.6 
C0743 —378 | NGC 2451 | 745.3 
C0744 —044 | Berk 39 7 46.6 
C0745 —271 | NGC 2453 | 7 47.7 
C0746 —261 | Rup 36 7 48.4 
C0750 —384 | NGC 2477 | 752.2 
C0752 —241 | NGC 2482 | 754.9 
C0754 —299 | NGC 2489 | 756.1 
C0757 —607 | NGC 2516 | 758.3 
C0757 — 284 | Rup 44 7 59.0 
C0757 —106 | NGC 2506 | 800.1 
C0803 —280 | NGC 2527 | 805.2 
C0805 —297 | NGC 2533 | 807.0 
C0809 —491 | NGC 2547 | 8 10.6 
C0808 — 126 | NGC 2539 | 8 10.7 
C0810 —374 | NGC 2546 | 812.4 
C0811 —056 | NGC 2548 | 8 13.7 
C0816 —304 | NGC 2567 | 8 18.6 
C0816 —295 | NGC 2571 | 818.9 
C0837 —460 | Pisms 6 8 39.2 
C0837+201 | Praesepe 8 40.0 
C0838 —528 | IC 2391 8 40.2 
C0838 —459 | Wtrloo 6 8 40.3 
C0839 — 480 | IC 2395 8 41.1 
C0839 —461 | Pisms 8 8 41.4 
C0840 —469 | NGC 2660 | 8 42.2 
C0843 —527 | NGC 2669 | 8 44.8 
C0843 —486 | NGC 2670 | 845.5 
C0846 —423 | Trump 10 8 47.7 
C0847 +120 | NGC 2682 | 850.4 
C0914 —364 | NGC 2818 | 9 16.0 
C0922 —515 | Rup 76 9 24.1 
C0925 —549 | Rup 77 9 27.0 
C0926 —567 | IC 2488 9 27.6 
C0927 —534 | Rup 78 9 29.2 
C0939 —536 | Rup 79 9 40.9 
C1001 —598 | NGC 3114 | 1002.7 
C1022 —575 | Wester 2 10 23.9 
C1024 —576 | NGC 3247 | 10 25.9 
C1025 —573 | IC 2581 10 27.3 
C1036 —589 | vdB —H 99 | 10 27.8 
C1028 —595 | Coll 223 10 30.5 


—20 37 
— 1430 
—13 52 
—1204 
+21 34 


— 33 33 
—31 39 
— 1449 
—23 52 
—37 58 


— 436 
—27 14 
—26 17 
— 38 33 
—24 18 


—30 04 
— 60 52 
—28 35 
— 1047 
— 28 09 


— 29 53 
—49 16 
— 1250 
— 37 38 
— 548 


— 30 38 
—29 44 
— 46 12 
+20 00 
—53 03 


— 46 08 
—48 11 
—46 16 
— 47 08 
—52 58 


~ 48 47 
~ 4229 
+1149 
— 36 36 
—5144 


—55 07 
—56 59 
—53 40 
—53 49 
— 60 06 


—57 45 
—57 56 
—57 38 
—59 11 
—59 49 


* Magnitude of brightest cluster member. 


1600 
1100 
320 


4000 
2100 
2100 
1200 

750 


1200 
410 
4200 
2700 
570 


1300 
420 
910 
990 
630 


1620 
1200 
1700 
160 
150 


1800 

950 
1500 
2680 
1000 


1400 
420 
790 

2300 

1300 


4900 
1450 
3300 
3240 

940 


5000 
1400 
2300 

460 
2900 


Class 


Trumpler 


7.4 


B3 


B3 


AO 
BO 
AO 


AO 
BS 


B5 


B5 
B3 
B8 


B8 


B9 


BO 


coo 4) OY 


10 
13 


—0.40 


— 0.08 
— 0.04 


+0.01 


H52 


IAU 
Desig. 


C1033 —579 
C1035 —583 
C1036 —538 
C1040 —588 
C1041 —597 


C1041 —641 
C1041 —593 
C1042 —591 
C1043 —594 
C1045 —598 


C1055 —614 
C1057 —600 
C1059 —595 
C1104 —584 
C1108 —599 


C1108 —601 
C1109 —600 
C1109 —604 
C1110—605 
C1110 —586 


C1112 —609 
C1115 —624 
C1117 —632 
C1123 —429 
C1133 —613 


C1134 —627 
C1141 —622 
C1148 --554 
C1154 —623 
C1204 —609 


C1221 —616 
C1222 +263 
C1225 —598 
C1226 —604 
C1232 +365 


C1239 —627 
C1250 —600 
C1315 —623 
C1317 —646 
C1324 —587 


C1326 —609 
C1327 —606 
C1328 —625 
C1343 —626 
C1350—616 


C1356 —619 
C1404 —480 
C1420-—611 
C1424 —594 
C1426 —605 


Name 


NGC 3293 
NGC 3324 
NGC 3330 
Boch 10 
Coll 228 


IC 2602 
Trump 14 
Trump 15 
Trump 16 
Boch 11 


Boch 12 
NGC 3496 
Pisms 17 
NGC 3532 
NGC 3572 


Hogg 10 
Coll 240 
Trump 18 
NGC 3590 
Stock 13 


NGC 3603 
IC 2714 
Mel 105 
NGC 3680 
NGC 3766 


IC 2944 
Stock 14 
NGC 3960 
Rup 97 
NGC 4103 


NGC 4349 
Coma Ber 
NGC 4439 
Harvd 5 
Upgren 1 


NGC 4609 
« Cru 
Stock 16 
Rup 107 
NGC 5138 


Hogg 16 
NGC 5168 
Trump 21 
NGC 5281 
NGC 5316 


Lynga | 
NGC 5460 
Lynga 2 
NGC 5606 
NGC 5617 


SELECTED OPEN CLUSTERS, J1998.5 


h 
10 35.8 
10 37.3 
10 38.6 
10 42.2 
10 43.0 


m 


10 43.1 
10 43.9 
10 44.7 
10 45.1 
10 47.2 


10 57.3 
10 59.8 
11 01.0 
11 06.4 


11 


11 
11 
11 
11 
11 


11 
1] 
1] 


10.4 


10.7 
11.2 
11.4 
12.9 
13.0 


15.0 
17.8 
19.4 


11 25.6 
11 36.1 


11 36.6 
11 43.9 
11 50.8 
DSi 
12 06.6 


12 24.4 
12 25.0 
12 28.3 
12 28.9 
12 35.0 


12 42.3 
TBESSt0 


13 


19.0 


1205 
1B i272 


13292 
13/31 
W271 
13 46.5 
13 53.8 


14 00.1 
1407.5 
14 23.9 
14 27.7 
14 29.6 


oY 
—58 13 
—58 37 
-54 08 
—59 08 
— 60 00 


— 64 23 
—59 33 
—59 21 
—59 42 
— 60 05 


—61 44 
— 60 20 
—59 49 
—58 40 
—60 14 


— 60 22 
— 60 17 
— 60 40 
— 60 47 
—5855 


—61 15 
—62 42 
— 63 30 
—43 14 
—61 36 


—63 01 
— 62 29 
—55 41 
— 62 38 
—61 14 


—61 53 
+26 07 
— 60 05 
— 60 45 
+3619 


— 62 58 
— 60 20 
— 62 33 
— 64 56 
—59 00 


—61 12 
— 60 56 
— 62 47 
— 62 54 
—61 51 


—62 11 
—48 19 
—61 23 
—59 38 
— 60 43 


* Magnitude of brightest cluster member. 


— 
woof 


Se 8S 5 eX Sw 


me NY 
WNN 


i=) 


Trumpler 
Class 


Tot. 
Mag. 


10.0 


BO 
06 


B8 
AO 


B3 


B8 


B3 


10 
12 


10 
11 


10 


+0.10 


—0.30 


—0.23 
—0.03 


+0.19 


—0.51 


SELECTED OPEN CLUSTERS, J1998.5 


Desig. Name | RA. | Dec. | pine ani 
h m o 7 / 

C1427 —609 | Trump 22 | 1431.1] -6110} 6 1 2m 
C1431 —563 | NGC 5662 | 1435.1] -5633| 12 | 720] 13r 
C1440 +697 | Ursa Maj | 1440.9] +6935 30 
C1445 —543 | NGC 5749 | 1448.8] -5431| 7 | 840] 12m 
C1501 —541 | NGC 5822 | 1505.1] -5420] 39 | 730] M2r 
C1502 —554 | NGC 5823 | 1505.6] -5535] 10 | 1100| M2r 
C1511—588 | Pisms 20 | 1515.3] —5904| 4 | 2560 
C1559 —603 | NGC 6025 | 1603.5] —6030} 12 | 770] W3r 
C1601—517| Lynga6é | 1604.7] -5155| 4 | 1600 
C1603 —539 | NGC 6031 | 1607.5] —5404| 2 | 1600] 13 p 
©1609 —540 | NGC 6067 | 16 13.1] —5412] 12 | 1700] 13° 
C1614—577 | NGC 6087 | 1618.7) —5754] 12 | 900] 12m 
C1622 —405 | NGC 6124 | 16 25.5] —4040| 29 | 560] 13r 
C1623—261 | Antares | 16 26.0] —26 14] 505 Ill 3 p 
C1624 —490 | NGC 6134 | 1627.6} —4908] 6 | 650 
C1632—455 | NGC 6178 | 1635.6] —4538| 4 | 900/113 p 
C1637 —486 | NGC 6193 | 1641.1] —4846] 14 | 1300 
C1642 —469 | NGC 6204 | 1646.4] —4701] 4 | 890] 13m 
C1645 —537 | NGC 6208 | 16 49.4] 5349] 15 | 990| IT 2r 
1650-417 | NGC 6231 | 1653.9] —4148| 14 | 2000 
C1652 —394 | NGC 6242 | 16 55.5] -3930| 9 | 1100 
C1653 —405 | Trump 24 | 1656.9] —4040| 60 | 2000 
C1654 —447 | NGC 6249 | 1657.5] —4446] 6 | 1000] 12m 
C1654 —457 | NGC 6250 | 1657.9] —4556] 7 | 1000] 13r 
C1657 —446 | NGC 6259 | 1700.6] —4440] 10 | 2000] 12 r 
1714-355 | Boch 13 | 1717.2] -3533| 14 | 1600/11 3 m 
C1714 —429 | NGC 6322 | 1718.4] —4257| 10 | 1200] 13m 
€1720—499 | Ic 4651 | 1724.6] -4957| 12 | 920] M2r 
C1731 —325 | NGC 6383 | 1734.7] —3234] 4 | 1300] 13 mn 
C1732 —334 | Trump 27 | 1736.1] —3329| 6 | 1400/11 3 m 
C1733 —324 | Trump 28 | 1736.7] —3229| 7 | 1400] 11 2 mn 
C1734—362 | Rup 127 | 1737.6] -3616] 8 | 1500| 112 p 
C1736 —321 | NGC 6405 | 1740.0] 3213] 14 | 490] 13r 
C1741 —323 | NGC 6416 | 1744.3] -3221| 18 | 770/11 2m 
17434057 |1C 4665 | 1746.2} + 543] 40 | 340/11 2m 
1747-302 | NGC 6451 | 1750.6] -3013] 7 | 560] 12m 
C1750 —348 | NGC 6475 | 1753.8] -3449] 80 | 240] 13r 
1753-190 | NGC 6494 | 1756.8] -1901] 27 | 640] H2r 
1758-237 | Boch 14 | 1801.9] —2342] 2 | 1100]10 1 pn 
C1800 —279 | NGC 6520 | 1803.3] -2754] 6 | 1600] 12m 
C1801 —225 | NGC 6531 | 1804.5] —2230] 13 | 1200] I13r 
C1801 —243 | NGC 6530 | 1804.7] —2420] 14 | 1500 
C1804 —233 | NGC 6546 | 1807.2} -2320] 13 | 1200] M1 r 
C1815—122 | NGC 6604 | 1818.0] —1214] 2 | 2100] 13 mn 
C1816—138 | NGC 6611 | 1818.7) -1347| 6 | 2600 
C1817—171 | NGC 6613 | 1819.8} —1708] 9 | 1200] 113 pn 
C1825 +065 | NGC 6633 | 18 27.7] + 634] 27 | 310/11 2m 
1828-192] 1C 4725 | 1831.6] -1915| 32 | 710] 13m 
C1830 —104 | NGC 6649 | 1833.4] —1024] 5 | 1580] 13m 
C1834 —082 | NGC 6664 | 1836.6] — 814] 16 | 1400] III 2 m 


* Magnitude of brightest cluster member. 


Spec- 
trum 


B4 


B9 


BS 
B8 


O7 
06 


09 
BS 


BO 


BS 


B4 


BS 
B9 


BO 
O5 


O7 


B6 
B4 


B3 


H53 
«_|-Lo. Lo 
Mag. < Fe/H Ay 
12 97:64 1.59 
10 | 7.90] —0.03 | 0.9 
2 | 8.30 0.00 
7.89 1.17 
10 | 9,08 | —0.07 | 0.39 
13 | 8.80 | —0.13 | 0.78 
7.30 335 
7 | 7.85 | +0.23 | 0.48 
7.46 2.94 
8.07 1.23 
10 Sede) 0105305 
8 7.85 0.6 
9 8.00 2.4 
11 8.50] +0.25 | 1.29 
7.08 
7.00 1.50 
Theil) 1.47 
9.16 0.51 
6 | 6.90 eS 
WAS 1.11 
6.90 1.3 
7.61 
7.38 
11 8.30 | +0.29 | 2.0 
7.08 
7.00 1.53 
10 | 9.38] +0.23 | 0.2 
7.54 0.75 
7.89 4.05 
8.30 2.13 
11 7.08 2.97 
oh 7.89 | +0.10 | 0.48 
8.50 0.93 
6 7.89 0.48 
12 9.62 0.21 
| 8.11 0.09 
10 8.30 | —0.14 | 0.78 
7.00 
9 | 8.66 0.90 
8 7.61 0.7 
6 | 7.00 0.90 
7.08 
7.00 2.88 
11 7.00 2D 
7.61 1.26 
8 |8.80] —0.11 | 0.51 
8 7.61 | —0.06 | 1.44 
13 | 8.03 3.48 
9 8.11 1.83 


H54 SELECTED OPEN CLUSTERS, J1998:5 


: Trumpler | Tot. | Spec- Pal LO Lo 

h m pe 
C1836 +054 | IC 4756 18 38.9 SZ 390i) TS x 5.4 +0.04 | 0.63 
C1840 —041 | Trump 35 | 18 42.9} — 408 9 |1800} 12m 10.0 3.42 
C1842 —094 | NGC 6694 | 18 45.2] — 924 14 | 1500} 113 m 9.0} B8 11 “a asle} 
C1848 —052 | NGC 6704 | 1850.8} — 513 5 | 1900} 12m 9.3 12 3.06 
C1848 —063 | NGC 6705 | 1851.0} — 617 13 | 2000 6.1) B8 11 +0.10 | 1.3 
C1850 —204 | Coll 394 | 18 53.4 | —20 23 22 | 640 6.3] 7.89 
C1851 +368 | Steph 1 18 53.5 | +3655 20 | 320/IV 3 p 7.61 | —0.10 
C1851 —199 | NGC 6716 | 18 54.5 | — 19 53 6} S550/IV 1 p 75 8.00 | —0.28 | 0.5 
C1902 +018 | Berk 42 190554) + 152 SH 1150) PTB r 18 | 9.78 0.00 | 1.9 
C1905 +041 | NGC 6755 | 1907.7} + 414 14 | 1700} 12r 8.6 11 | 7.08 3.42 
C1906 +046 | NGC 6756 | 1908.6} + 441 4 |1500| I1m 10.6 13779 4.2 
C1919+377 | NGC 6791 | 19 20.7 | +3751 15 | 4900} I2r 15 | 9.88 0.00 | 0.7 
C1936 +464 | NGC 6811 | 19 38.1 | +46 34 12 | 1100/1 1 r 9:0| A3 11 | 8.92 0.42 
C1939 +400 | NGC 6819 | 19 41.3 | +40 11 5 | 2100 9.5} AO 11 | 9.36] —O.11 | 1.35 
C1941 +231 | NGC 6823 | 19 43.1 | +23 18 12% | 21005) tf 143 amon O7 6.30 Pig 
C1948 +229 | NGC 6830 | 1951.0 | +23 03 12 |1700] 112 p 8.9 10 | 7.73 1.68 
C1950 +292 | NGC 6834 | 1952.1 | +29 25 4 | 2200} Il2m Ou] LLeth 7:64 1.77 
C1950+4182 | Harvd 20 | 1953.1 | +18 20 6 | 2700 |IV 2 p 9.6 8.11 
C2002 +438 | NGC 6866 | 20 03.7 | +43 59 6 | 1300} 12r 91) A2 LONG S275 0.39 
C2002 +290 | RosInd4 | 2004.9 | +29 12 5 | 2700} 11 3 mn 7.08 
C2004 +356 | NGC 6871 | 2005.8 | +35 46 20 | 2440] II 2 pn S185); 7 O9 7.08 1.4 
C2007 +353 | Biur 2 20 09.1 | +35 29 12 | 1500 | Ill 2 p 16 | 7.00 
C2008 +410 | IC 1311 20 10.3 | +41 33 5 | 8800} Ilr 1341 9.30 | —0.48 | 1.9 
C2009 +263 | NGC 6885 | 20 11.9 | +26 29 7 | 600} III 2m 5.7] B8 6 | 9.16} —0.16 | 0.21 
C2014 +374 | IC 4996 20 16.4 | +37 38 5 | 1600} II 3 pn 7.1| BO 8 | 7.00 2.07 
C2018 +385 | Berk 86 | 20 20.4] +38 41 7 | 1100}IV 2 mn 13. #) 76d 
C2019 +4372 | Berk 87 20 21.6 | +37 21 12 | 840/11 2m 13 | 7.00 
C2021 +406 | NGC 6910 | 20 23.0 | +40 46 7 | 1500} I3 mn 7.3| BO 7.00 249 
C2022 +383 | NGC 6913 | 20 23.9 | +38 31 6 | 1300] If 3 mn 7.5| BO 9 | 7.00 2:79 
C2030 +604 | NGC 6939 | 20 31.4 | +60 38 7 |1200] Ii1r 10.1 9.20 | —0.11 | 1.44 
C2032 +281 | NGC 6940 | 20 34.5 | +28 18 31 810 | NI 2r 721) | A2 11 | 9.27 | +0.04 | 0.72 
C2054 +444 | NGC 6996 | 20 56.4 | +44 37 7 | 620/11 2m 10.0 8.00 iy 
C2109 +454 | NGC 7039 | 21 11.1 | +45 39 25 | 680/IV 2m 6.8 7.54 0.2 
C2121+4461 | NGC 7062 | 21 23.2 | +46 23 6 }1700} 12m 8.3 8.69 1.29 
C2122 +478 | NGC 7067 | 21 24.1 | +48 01 3 | 3700) 11 p 8.3 7.61 2.49 
C2122 +4362 | NGC 7063 | 21 24.4 | +36 30 7 | 640/TIl 1 p 8.9 8.11 0.3 
C2127 +468 | NGC 7082 | 21 29.4 | +4705 25 | 1300 7.89 | +0.03 } 0.81 
C2130+482 | NGC 7092 | 21 32.2 | +48 26 31 290 | III 2 m 5.3} AO 712.) 8780 0.15 
C2137+572 | Trump 37 | 21 39.0 | +57 29 90 | 1000 |TV 3 m 815 6.83 1.6 
C2144+4655 | NGC 7142 | 21 45.9} +65 47 4 |1910} I2r 10.0 11 | 9.49} —0.11 | 0.54 
C2151 +470 | IC 5146 2153.4 | +47 16 9 | 960] III 2 pn 8.3) Bl 8.30 1.98 
C2152 +623 | NGC 7160 | 21 53.7] +62 36 Ta BOs | TeSep 6.4] B2 7.61 1.56 
C2203 +462 | NGC 7209 | 22 05.1 | +46 29 25 | 900} III 1 m 7.8} AO 9 | 8.50 0.60 
C2208 +551 | NGC 7226 | 22 10.5 | +55 24 Ly | 2tOOs) + Te2 mm 18%3 8.34 1.77 
C2210+570 | NGC 7235 | 22 12.5 | +57 16 4 |3200} 13 m 9.2 7.00 2.82 
C2213 +496 | NGC 7243 | 22 15.2 | +4953 21 760 | 112 m 6.7| B6 8 | 8.03 0.54 
C2213 +540 | NGC 7245 | 22 15.2 | +54 20 4 | 1800} Il 2 m 8.19 1.77 
C2218 +4578 | NGC 7261 | 22 20.4 | +58 05 5 | 2100} I13 m 9.8 7.46 | —0.46 | 2.88 
C2227+551 | Berk 96 22 29.4 | +55 24 2 |}4900} I2p 13)...| 7.00 
C2245 +578 | NGC 7380 | 22 46.9 | +58 05 12 | 3000 | Ill 2 mn 8.8 | O9 10 | 7.00 1.86 


* Magnitude of brightest cluster member. 


SELECTED OPEN CLUSTERS, J1998.5 


IAU 
Desig. 


Ang. : Trumpler | Tot. 
Dec. Diam. Dist. Class | Mag. 
C2306 +602 | King 19 23 08.3 | +60 31 
C2309 +603 | NGC 7510 | 23 11.5 | +60 34 
C2313+602 | Mark 50 | 23 15.2 | +60 28 3400 | III 1 pn 


C2322 +613 | NGC 7654 | 23 24.2 | +61 35 1600] II 2 r 8.2 


/ 
6 | 1200] II 2 p 
4 
4 
2 
C2345 +683 | King 11 | 23 47.7] +6837| 5 |2190] 12m 
2 
9 
5 
7 


3160] II 3 m 9.3 


_ 


C2350 +616 | King 12 23 52.9 | +61 57 2500 | Il 1 p 
C2354+611 | NGC 7788 | 23 56.6 | +61 23 2300) I2p 9.4 
C2354 +564 | NGC 7789 | 23 57.0 | +56 43 2000} Il 2 r TS 
C2355 +609 | NGC 7790 | 23 58.4 | +61 12 3400 | 11 2 m UP 


— 


* Magnitude of brightest cluster member. 


C0001 —302 =¢ Scl Cluster C0700 —082 = M50 C1736 —321 = M6 
C0129 +604 = M103 C0716 —248 = 7 CMa Cluster C1750 —348 = M7 
C0215 +569 =h Per C0734 — 143 = M47 C1753 —190 = M23 
C0218 +568 =x Per C0739 — 147 = M46 C1801 —225 = M21 
C0238 +425 = M34 C0742 —237 = M93 C1816—138 = M16 
C0344 +239 = M45 C0811 —056 = M48 C1817—171 =M18 
C0525 +358 = M38 C0837 +201 = M44 = NGC 2632 C1828 —192 = M25 
C0532 +341 = M36 C0838 —528 = o Vel Cluster C1842 —094 = M26 
C0549 +325 = M37 C0847 +120 = M67 C1848 —063 = M11 
C0605 +243 = M35 C1041 —641 =@ Car Cluster C2022 +383 = M29 
C0629 +049 = Rosette Cluster C1043 —594=7n Car Cluster C2130+482 = M39 
C0638 +099 = S Mon Cluster C1239 —627 = Coal—Sack Cluster C2322 +613 = M52 
C0644 — 206 = M41 C1250 —600 = NGC 4755 = the Jewel Box Cluster 


Berk = Berkeley; Biur = Biurakan; Boch = Bochum; Coll = Collinder; Haff= Haffner; Harvd = Harvard, 


Mark = Markarian; Mel = Melotte; Pisms = Pismis; RosInd = Roslund; Rup = Ruprecht; Ste 


ph = Stephenson; 


Trump = Trumpler; vdB —H = van den Bergh — Hagen; Wtrloo = Waterloo; Wester = Westerlund 


H56 GLOBULAR CLUSTERS, J1998.5 


IAU 
nation 

h m Cy kpe 
C0021-723 |NGC 104 |00 24.0}-72 05| 4.04} 0.86 | 0.34 | 1.42|/G4 —-0.75 | 0.04 13.46 4.6| 7.8] 47 Tuc (X-ray) 
C0050-268 | NGC 288 |00 52.7|—26 36] 8.56] 0.66 | 0.11 rlisbee —1.39 | 0.00 14.70 Si" 122 
C0100-711]NGC 362 |01 03.2}-70 51] 6.42] 0.76 | 0.13 | 1.31)F9 -1.39 | 0.04 14.90 8.9] 9.8) D 62 
C0310-554|NGC 1261]03 12.2}-55 13} 8.64] 0.70 | 0.12 F7 -1.17 | 0.02 15.70 13.4} 15.8 
C0325+794 | Pal 1 03 33.2|}+79 34 -1.01 | 0.12 18.7 45.8} 51.4 
C0344-718|NGC 1466]03 44.6|-71 41 —2.15 | 0.07 Wb 39.4] 38.4) SLI 
C0354498 | AM 1 03 55.0|-49 37 -1.68 | 0.00 Wb 39.4| 38.4] E 1, ESO 201-SC 10 
C0422-213|Erid 1 04 24.7|-21 11 —1.22 | 0.00 Wb 84.7} 90.2 
C0435-590 | Reticulum |04 36.2}—58 51 —2.01 | 0.02 Wb 50.4} 51.3] ESO 118-G 31 
C0444-840 | NGC 1841|04 45.4|-84 00 —1.56 | 0.07 Wb 40.9| 38.3 
C0443+313|Pal 2 04 46.0]+31 23 HES: —1.68 | 1.45: | Wb 13.6] 22.2 
C0512-400 | NGC 1851/05 14.1]-40 03) 6.70] 0.77 | 0.14 | 1.35|F7 -1.25 | 0.07 15.40 10.8} 15.9] D508, MX 0513-40 
C0522-245 | NGC 1904/05 24.1]-24 32] 7.84) 0.60 | 0.04 | 1.19|F5 -1.47 | 0.00 15.65 13.5} 19.8| M79 
C0647-359 | NGC 2298|06 48.9|—36 00] 9.44] 0.74 | 0.22 | 1.44|FS5 2.06 | 0.11 15.80 12.2) GUTS: 
C0734+390|NGC 2419]07 38.0}+38 53}10.80) 0.68 | 0.11 | 1.20](F5.5)} -1.98 | 0.03 19.94 92.9} 100.7 
C0737-337 | AM 2 07 39.3}-33 51 0.53 Wb 57.7| 61.5] ESO 368-SC 07 
C091 1-646 | NGC 2808]09 12.0)-64 51] 6.13] 0.91 | 0.27 | 1.69)F7 -1.47 | 0.21 15.52 9:2) Wah 
C092 1-770 |E 3 09 21.0}-77 17 0.96 | 0.30 Wb 8.3] 9.7} ESO 037-SC 01 
C0923-545 |UKS 2 09 25.2|-54 43 0.37 | 0.74 Wb 9.0} 11.9 
C1003+003 | Pal 3 10 05.4|+00 05} 14.50} 0.6: —-1.68 | 0.03 20.0 95.5) 99.0) Sex C 
C1015-461 | NGC 3201] 10 17.6|-46 24] 7.10} 0.97 | 0.38 | 1.64]F6 —1.60 | 0.28 14.15 4.4) 9.1) D445 
C1117-649 11 19.6}-65 13 0.79 Wb 59.5| 56.6] ESO 093-SC?08 
C1126+292|Pal 4 11 29.2)+28 59/14.50| 0.6: -1.30 | 0.00 19.85 93.3).96.1 
C1207+188|NGC 4147] 12 10.0}+18 33] 10.28] 0.62 | 0.06 | 1.06/F2/3 | —-1.68 | 0.02 16.28 17.5} AOD 
C1223-724 |NGC 4372] 12 25.7|-72 39] 8.00} 0.87:| 0.28: FS -1.77 | 0.45 14.90 4.8) 7.3 
C1235-509|Rup 106 | 12 38.6)-S1-09 0.24 Wb 26.7| 5.4 
C1236—264 | NGC 4590] 12 39.4|—-26 44] 8.25] 0.66 | 0.03 | 1.18]F2/3 | -1.85 | 0.03 15.01 9.6} 10.0) M 68 
C1256-706 | NGC 4833) 12 59.5|-70 52] 7.36] 0.96 | 0.31 | 1.66]F3 —1.98 | 0.38 14.90 5:4] hel 
C1310+184|NGC 5024] 13 12.8]4+18 11] 7.71] 0.65 | 0.06 | 1.11]F6 —1.89 | 0.05 16.34 17,2) 17.9) M33 
C1313+179|NGC 5053] 13 16.4/+17 42} 9.98} 0.63 1.16}((F3))| —2.02 | 0.03 16.00 15.1] 16.0 
C1323-472 |NGC 5139] 13 26.7|-47 28] 3.65] 0.79 | 0.19 | 1.36]F5 -1.60 | 0.11 13.92 5.2} 6.7| Omega Cen 
C1339+286|NGC 5272] 13 42.1|+28 23} 6.41] 0.69 | 0.10 | 1.15|F6 —1.30 | 0.00 15.00 10.0] 12.2} M3 
C1343-511|NGC 5286] 13 46.3]/-51 22] 7.48] 0.90 | 0.29 | 1.51]F5 —1.60 | 0.27 15.61 8.8} 7.2] D 388 
C1353-269 | AM 4 13 56.3|-27 10 —2.23 | 0.06 Wb 30.3} 25.6 
C1403+287 | NGC 5466] 14 05.4/+28 33} 9.35] 0.75 1.05|((F5))| —1.85 | 0.05 15.96 14.4] 15.1 
C1427-057 |NGC 5634] 14 29.5|-O5 58} 9.58} 0.68 | 0.13 | 1.25}F3/4 | -1.77 | 0.07 16.90 21.6] 17.6 
C1436-263 | NGC 5694] 14 39.5|—26 32}10.17} 0.72 | 0.07 | 1.27|F4 —1.89 | 0.08 17.60 ZOE 23.5 
C1452-820 |IC 4499 =| 15 00.1)—82 12/10.70] 0.8: -1.77 | 0.24 17.12 18.4] 15.3 
C1500-328 | NGC 5824] 15 03.9|—33 04} 8.96] 0.76 | 0.15 | 1.38]F4 -1.98 | 0.14 17.32 23:9 Lis 
C1513+000 | Pal 5 15 16.0]--00 06} 11.6: —1.43 | 0.02 172 26:7) 2I07 
C1514-208 | NGC 5897] 15 17.3]—21 00] 8.59} 0.75 | 0.05:} 1.28|F7 —1.47 | 0.06 15.60 12.0} 6.9 
C1516+022|NGC 5904] 15 18.5}+02 05} 6.03) 0.71 | 0.12 | 1.19)F7 —1.60 | 0.07 14.51 7.2| 6.4|M5 
C1524—-505 |NGC 5927] 15 27.9|-50 40} 7.95) 1.31 | 0.83 | 2.09)/G2 —0.67 | 0.55 16.10 7.2) 4.7 
C1531-504 | NGC 5946] 15 35.4}—-S50 39} 9.11} 1.19 | 0.43 F7/8 | -1.34 | 0.56 16.7 03) oul 
C1535-499 |BH 176 15 39.0|—50 02 0173 Wb 85.7} 78.3 
C1542-376 | NGC 5986] 15 46.0|—37 47] 7.53} 0.89 | 0.30 | 1.61|F5 -1.72 | 0.27 15.90 10.0} 4.5} D552 
C1608+150} Pal 14 16 11.0!+14 58 —1.34 | 0.03 Wb 75.3} 69.9] Arp 1, AvdB 
C1614-228 |NGC 6093] 16 16.9|—22 58] 7.31] 0.84 | 0.20 | 1.44|F6 2.15 } 0.21 15.28 8.3] 3.0) M 80 
C1620-264 |NGC 6121] 16 23.5|}—26 31] 5.96] 1.04 | 0.44 | 1.84]/F8 -1.09 | 0.31 12.90 2.4] 6.3|M4 
C1620-720 | NGC 6101] 16 25.6}—72 12] 8.9: | 1.0: Fo: —1.68 | 0.08 15.70 12.2| 8:6 
C1624-259 |NGC 6144] 16 27.2|-—26 01] 9.07} 0.94 1.42|F5/6 | -1.81 | 0.36 15.6 TO" 2.6 
C1624-387 | NGC 6139] 16 27.6]-38 51} 8.99} 1.38 | 0.68 | 2.45|F6/7: | —-1.60 | 0.68 17.0 8:9] 2:9 
C1625-352 |Ter 3 16 28.6]-35 21 0.32 Wb 27D)| 1940 
C1629-129 |NGC 6171} 16 32.4)-13 03} 8.17} 1.13 | 0.52 | 1.88}GO0: 0.88 | 0.37 15.03 5.8} 3.9] M 107 
C1636-283 16 39.3]-28 24 -1.01 | 0.31 Wb 10.3} 2.8} ESO 452-SC 11 


GLOBULAR CLUSTERS, J1998.5 H57 


IAU : 
Dee Name cee V |B-V (m-M Neg R Remarks 
h m o of kpe 

C1639+365|NGC 6205] 16 41.6]+36 28] 5.86] 0.69 | 0.06 | 1.12|(F5.4) —1.60 | 0.02 14.35 7.2) 8.7| M 13 
C1645+476|NGC 6229] 16 46.9|+47 32} 9.39] 0.74 | 0.09 | 1.25|(F7.3) -1.39 | 0.01 17,2 27.1|26.6 
C1644—018 | NGC 6218] 16 47.2|-01 57} 6.88] 0.86 | 0.20 | 1.46]F8 -1.89 | 0.19 14.30 5.4| 4.7} M 12 
C1650—220 | NGC 6235] 16 53.3|-22 11/10.23] 0.88 F9: —1.60 | 0.38 16.6 11.7| 4.0 
C1654-040 | NGC 6254] 16 57.1]/-04 06] 6.63] 0.92 | 0.24 | 1.60|F3 —1.51 | 0.26 14.05 4.4) 5.1]|M 10 
C1656-370 | NGC 6256] 16 59.4|-37 07 -1.56 | 0.88: | Wb 9.1] 2.0 
C1657-004 | Pal 15 17 00.0] -00 33 -1.26 | 0.12 Wb 69.7|62.3 
C1658-300 | NGC 6266] 17 01.1|-30 07] 6.53} 1.14 | 0.52 | 2.10]F9 —1.26 | 0.46 15.38 5.9] 2.8] M 62 
C1659-262 | NGC 6273]17 02.5|-—26 16] 6.83] 1.00 | 0.35 | 1.73|F7 —2.40 | 0.38 16.35 10.5} 2.5] M 19 
C1701-246 | NGC 6284} 17 04.4|-24 46] 9.03] 0.97 | 0.36 | 1.72|F9 -1.34 | 0.27 16.0 10.5} 2.6 
C1702—226 | NGC 6287] 17 05.1]-22 42] 9.44] 1.26 2.33)F5 —1.72 | 0.36 15.8 8.4] 1.6 
C1707-265 | NGC 6293} 17 10.1}—26 35} 8.39] 0.97 | 0.27 | 1.68]F3 -1.85 | 0.34 15.5 Di eeles 
C1708-271 | TJ 5 IFAT 2 —27 a2 
C1711-294 |NGC 6304] 17 14.4]-29 28] 8.38] 1.32 | 0.82 | 2.26|G3 0.54 | 0.58 15.50 5.2] 3.4 
C1713-280|NGC 6316} 17 16.5|/—28 08) 9.00] 1.30 | 0.57 | 2.42|G2 —0.62 | 0.48 16.7 10.6} 2.3 
C1715+432|NGC 6341} 17 17.1}+43 08] 6.50} 0.63 | 0.02 | 1.10}(F2.8) —1.89 | 0.01 14.50 7.8| 9.7| M 92 
C1714-237 | NGC 6325] 17 17.9|-23 46] 10.73] 1.69 2.82|GO —2.02 | 0.80 16.70 6.5] 2.3 
C1715-262 |TJ 15 17 18.4]-26 18 
C1715-277 | TJ 16 17 18.4|-27 46 TBJ 2 
C1715-278 | TJ 17 17 18.6|—27 50 <-0.07 TBJ 1 
C1716—-184 | NGC 6333] 17 19.1]—18 31] 7.75] 0.96 | 0.30] 1.75|F5/6 —1.77 | 0.36 Sar 8.0] 1.8] M9 
C1718-195 |NGC 6342] 17 21.1}—19 35]10.10] 1.36 1.95|G3/4 0.75 | 0.49 WS 15.0} 6.9 
C1720-177 |NGC 6356] 17 23.5|—17 49] 8.28] 1.14 | 0.58 | 1.85]/G3 -1.17 | 0.21 17.07 18.9} 10.7 
C1720-263 |NGC 6355] 17 23.9}-26 21} 9.76] 1.58 2.36|GO —1.34 | 0.76 16.6 6.6} 2.0 
C1721-484 | NGC 6352] 17 25.4|-48 25} 8.40] 1.03 | 0.61 G4 —0.07 | 0.25 14.47 5.4] 3.9 
C1724—307 | Ter 2 17 27.4|-30 48 —0.54 | 1.31 Wb 10.0] 1.4] HP 3 (X-ray) 
C1725-050 | NGC 6366] 17 27.7|-05 05] 10.09} 1.60 | 0.99 —0.71 | 0.65 15.4 4.5} 4.8 
C1727-315 | Ter 4 17 30.5|-31 36 =): 29" IS 1ESS Wb 16.1] 7.4) HP 4 
C1727-299 | HP 1 17 31.0|-29 59 2.0: ((G5):)} —1.68 | 1.41 Wb 9.5} 0.9 
C1726-670 | NGC 6362] 17 31.8|-67 03 G3 -0.71 | 0.12 14.65 Tell 5.3 | D225: 
C1728-338 |Grindlay 1} 17 31.9]-33 50 She Wb 11.8} 3.2] 4U/MXB 1728-34 
C1730—333 | Liller 1 17 33.3|-33 23 —0.29 | 2.91 Wb 7.9) 1.2] (X-ray) 
C1731-390 | NGC 6380] 17 34.3}-39 04 —1.30 | 1.38 Wb 4.0} 5.0] PISMIS 25, TON 1 
C1732-304 |Ter 1 17 35.7|—30 29 +0.10 | 1.52 Wb 10.6] 1.9] HP 2 (X-ray) 
C1733-390 |Pismis 26 |17 36.1}-—38 33 0.91 Wb 8.7| 1.5} Ton 2 
C1732-447 |NGC 6388] 17 36.2|-44 44] 6.64) 1.16 | 0.62 G2 —0.62 | 0.32 16.83 14.3] 6.5 
C1735-032 | NGC 6402] 17 37.5|-03 15] 7.49} 1.24 | 0.60 | 2.10|F4 —2.19 | 0.58 16.90 9.9} 4.3| M 14 
C1735-238 | NGC 6401] 17 38.5}—23 55} 9.44] 1.32 2.52|F9 —1.01 | 0.79 16.6 613) 0253 
C1736—536 | NGC 6397] 17 40.6}-53 40] 5.90] 0.76 | 0.15 F4 —2.02 | 0.13 12.30 2.4| 6.4) D 366 
C1740-247 17 43.5|-—24 43 ESO 520-SC?20 
C1740—262 | Pal 6 17 43.6|—26 13] 13.6: | 3.4: +0.22 | 1.80 18.0 2.6] 5.9 
C1742+031|NGC 6426] 17 44.8}+03 10}11.48} 0.99 | 0.32 | 1.66|G1:: -1.94 | 0.40 17.3 15.7} 9.6 
C1741-328 | TJ 23 17 45.1|-32 46 
C1745-247 | Ter 5 17 48.1|-—24 47]}13.50| 4.00 5.90 —0.71 | 2.14 Wb 7A} 1.8] XB 1745-25 
C1746-203 |NGC 6440] 17 48.8|-20 22} 9.39} 1.97 | 0.97 | 3.23|G4: —0.54 | 1.01 16.4 4.1} 4.5] MX 1746-20 
C1746-370 | NGC 6441] 17 50.1]-37 03} 7.24] 1.25 | 0.79 | 2.16)}G2 —0.07 | 0.45 16.50 10.1} 2.1] 3U 1746-37 
C1747-312|Ter 6 17 50.6}-31 17 1.46 Wb 12.8] 4.0] HP 5 
C1748-346 | NGC 6453] 17 50.8|}—34 36] 9.77} 1.17 2.53|F8 —1.51 | 0.61 Wb LOW Deal 
C1751-241|UKS 1 17 54.4|-24 09 =1'22) | 3207 Wb 10.4] 1.8 
C1755-442 |NGC 6496] 17 58.9|-44 16} 8.80) 1.1: G4 —0.71 | 0.07 14.3 6.5] 2.8 
C1758—268 | Ter 9 18 01.6}-26 51 0.45 | 1.71 Wb HO}, SL) 
C1759-089 |NGC 6517] 18 01.8]—-08 58}10.29| 1.81 | 0.99 | 3.04|F8 —1.47 | 1.14 18.1 7.4! 3.0 
C1800-260 | Ter 10 18 03.2|-26 04 1.71 Wb 14.6] 5.9 
C1800—300 | NGC 6522] 18 03.5|-—30 02} 8.75} 1.20 | 0.64 | 1.95|F7/8 -1.56 | 0.50 15.64 }53|| 223) 
C1801-003 | NGC 6535] 18 03.8]—00 18} 10.62] 0.96 | 0.34 GO —1.56 | 0.36 16.1 9.6] 4.7 


H58 


IAU 
Desig- 
nation 


C1801-300 
C1802-075 
C1804-250 
C1804—437 
C1806--259 


C1807-317 
C1808-072 
C1809-227 
C1810-318 
C1814-522 


C1820-303 
C1821-249 
C1827-255 
C1828-323 
C1828—235 


C1832-330 
C1833-239 
C1838-198 
C1840-323 
C1850-087 


C1851-305 
C1852-227 
C1856-367 
C1902+017 
C1906-600 


C1908+009 
C1914+300 
C1914-347 
C1916+184 
C1925-304 


C1936-310 
C1938-341 
C1942-08 1 
C1951+186 
C2003-220 


C2031+072 
C2050-127 
C2059+160 
C2127+119 
C2130-010 


C2137-234 
C2139-472 
C2143-214 
C2304+124 
C2305-159 


C2346-732 


NGC 6528 
NGC 6539 
NGC 6544 
NGC 6541 
NGC 6553 


NGC 6558 
IC 1276 
Ter 11 
NGC 6569 
NGC 6584 


NGC 6624 
NGC 6626 
NGC 6638 
NGC 6637 
NGC 6642 


NGC 6652 
NGC 6656 
Pal 8 

NGC 6681 
NGC 6712 


NGC 6715 
NGC 6717 
NGC 6723 
NGC 6749 
NGC 6752 


NGC 6760 
NGC 6779 
Ter 7 

Pal 10 
Arp 2 


NGC 6809 
Ter 8 

Pal 11 
NGC 6838 
NGC 6864 


NGC 6934 
NGC 6981 
NGC 7006 
NGC 7078 
NGC 7089 


NGC 7099 
Pal 12 


Pal 13 
NGC 7492 


AM 3 


Decli- 


nation 


h m CA 


18 04.7|-30 03 
18 04.7|-07 35 
18 07.3|-25 00 
18 07.9|-43 42 
18 09.2}-25 54 


18 10.2|-31 46 
18 10.7}-07 12 
18 12.4)-22 45 
18 13.6}-31 50 
18 18.5}—52 13 


18 23.6|-30 22 
18 24.4|-24 52 
18 30.8]-25 30 
18 31.3|-32 21 
18 31.8}—23 29 


18 35.7|-33 00 
18 36.3|-23 54 
18 41.4}-19 49 
18 43.1}-32 18 
18 53.0}-08 42 


18 55.0|-30 29 
18 55.0|-22 42 
18 59.4|-36 38 
19 05.1}+01 52 
19 10.7|-59 59 


19 11.1}]+01 02 
19 16.5}+30 11 
19 17.6}-34 40 
19 18.1]/+18 34 
19 28.6|—-30 21 


19 39.9|-30 58 
19 41.6|-34 00 
19 45.2|-08 01 
19 53.7|+18 46 
20 06.0|—21 56 


20 34.1|+07 24 
20 53.4|-12 33 
21 01.4}+16 11 
21 29.9)+12 10 
21 33.4]-00 50 


21 40.3)-23 11 
21 42.7|-47 02 
21 46.6/—21 15 
23 06.7|+12 46 
23 08.4|-15 37 


23 48.9|-72 57 


GLOBULAR CLUSTERS, J1998.5 


V al B=V SB 


9.67 
9.62 
8.30 
6.91 
8.13 


1.43 
1.91 
1.46 
0.76 
1.63 


0.95 
1.16 
0.68 
0.14 
1.06 


8.76 
8.87 


8.31 
6.99 
9.03 
719 
8.80 


8.93 
5.07 


129 
0.79 


1.10 
1.09 
a2, 
1.02 
1.12 


0.89 
1.00 


0.54 
0.17 


0.57 
0.45 
0.54 
0.48 
0.47 
0.36 
0.28 
8.18 
8.13 


7.61 


0.72 
1.14 


0.84 


0.14 
0.53 


0.24 


7.26 
11.07 
5.76 


9.08 


0.74 
1.63 
0.66 
1.68 
0.87 


0.26 


0.08 


0.8: 
0.21 


0.69 | 0.12 


1.12 
0.86 


0.77 
0.74 
0.74 
0.68 
0.68 


0.60 


0.53 
0.28 


0.20 
0.11 
0.15 
0.06 
0.08 
0.04 
0.7: 


0.40 | 0.22 


2.12|G1: 
F6 


1.84|G4/5 
1.82|F8 
1.92|GO 
1.68] G2/3 
1.86)F8 


1.44|G3 
1.83] FS 


130 BS 
2.00|F5 


1.44|F7/8 
F6 

1.36|F9 
((F8)) 
F4/5 


2.80|G5 
1.48] (F4.6) 


1.27) F4 


1.81)G1 
1.52)F9 


1.24)F7/8 
1.28]F7 
1.22|F6 
1.18} F3/4 
1.17} F4 


1.10} F3 


((F6)) 
((F5)) 


16.4 


15.7 
152 
14.60 
16.35 


16.1 
18.5 
16.5 
16.4 


15.20 


61.2|56.7 
24.4] 25.5 
21.9)21.3 


Remarks 


D 473 


Pal 7 


D 376 


4U/MXB 1820-30 
M 28 


M 69 


M 22 
M 70 
A 1850-08 (X-ray) 


M 54 
Pal 9 
D 523 


D 295 


M 56 
ESO 397-SC14 


ESO 460-SC06 
M55 


M71 
M75 


M72 


M 15, 3U 2131411 
M2 


M 30 
ESO 287-253 


IAU 
Desig. 


0003-066 
0008-264 
0016+731 
0019-000 
0022-423 


0026+346 
0056-001 
0104—408 
0106+013 
0111+021 


0112-017 
0113-118 
0116+319 
0119+041 
0133+476 


0135-247 
0138-097 
0146+056 
01494218 
0153+744 


0202+149 
0202+319 
0202-172 
0208-512 
0212+735 


0224+671 
0234+285 
0235+164 
0237-233 
0256+075 


0300+470 
0316+413 
0319+121 
0332-403 
0333+321 


0336-019 
0355+508 
0400+258 
0402-362 
0406+121 


0414-189 
0420-014 
0420+417 
0428+205 
0434-188 


0438-436 
0440-003 
0451-282 
0454+844 
0457+024 


Name 


4C+00.02 


OB 343 
4C-00.06 


4C 01.02 


UM 310 


4C 31.04 
OC 033 
OC 457 


OC-259 


OC 079 


4C 15.05 


4C 67.05 
CTD20 
OD 160 
PHL 8462 
OD 094.7 


4C 47.08 
3C84 
OE 131 


NRAO 140 


CTA26 
NRAO 150 
OF 200 


OF-035 
VR41.04.01 
OF 247 


NRAO 190 


OF 097 


Right 
Ascension 
J2000.0 


TOs 
06 13.895 
11 01.247 
19 45.789 
22 25.428 
24 42.993 


Cree) ree 


29 14.242 
59 05.514 
06 45.108 
08 38.771 
13 43.144 


Se Sens 


L5wi7095 
162522 
19 34.998 
21 56.860 
36 58.595 


— 


37 38.346 
41 25.832 
49 22.374 
52 18.055 
57 34.976 


— eee 


2 04 50.414 
2 05 04.925 
2 04 57.676 
2 10 46.199 
2 17 30.820 


2 28 50.052 
2 37 52.406 
2 38 38.930 
2 40 08.176 
2 59 27.083 


3 03 35.242 
3 19 48.160 
3 21 53.104 
3 34 13.654 
3 36 30.108 


3 39 30.938 
3 59 29.748 
4 03 05.580 
4 03 53.750 
4 09 22.009 


4 16 36.546 
4 23 15.801 
4 23 56.010 
4 31 03.755 
4 37 01.483 


4 40 17.180 
4 42 38.661 
4 53 14.646 
5 08 42.363 
4 59 52.049 


Declination 


J2000.0 


— 6 23 35:34 
—26 12 33.38 
oa SOOT 
+ 0 14 56.14 
—42 02 03.58 


+34 56 32.22 
+ 0 06 51.66 
—40 34 19.96 
eles 5200332 
+1222 17.30 


— 1:27 04:59 
—11 36 15.44 
+32 10 50.04 
+ 4 22 24.7 

+47 51 29.10 


—24 30 53.83 
— 9 28 43.69 
“ESRD ODD 
+22 07 07.69 
+74 42 43.26 


+15 14 11.05 
+32 12 30.01 
-17 O1 19.78 
-51 01 01.94 
+73 49 32.63 


+67 21 03.03 
+28 48 08.99 
+16 36 59.28 
—23 09 15.75 
+ 7 47 39.6 


+47 16 16.28 
+41 30 42.11 
+12 21 14.00 
—40 08 25.39 
+32 18 29.35 


— 1 46 35.80 
+50 57 50.17 
+26 00 01.51 
-36 05 01.91 
+12 17 39.84 


-18 51 08.3 

— 1 20 33.06 
+41 50 02.72 
+20 37 34.25 
—18 44 48.62 


—43 33 08.60 
— 0 17 43.42 
—28 07 37.32 
+84 32 04.56 
+ 2 29 31.08 


~~ QO 0 


Po) 


~ 


DTAAHH NH AHAHA OLY EC (QOL Vis! Veen eee) NOVO) (OV eve |e 72) IS TEVOVvovye, VETS 


RADIO SOURCE POSITIONS, J2000.0 


0.717 


2.107 
0.047 


1.365 
0.059 


0.637 
0.860 


0.831 


2.345 


1.466 
1.740 
1.003 


1.207 


2.224 


1.445 
1.253 


0.852 


2.109 
1.417 


1.536 
0.915 


0.219 


2.852 
0.844 


2.370 


1.6 
1.2 


>>> 
p 


> > 


H60 


IAU 
Desig. 


0458-020 
0500+019 
0528-250 
0528+134 
0529+075 


0537-441 
0539-057 
0552+398 
0605-085 
0607-157 


0609+607 
0615+820 
0637-752 
0642+449 
0710+439 


0711+356 
0716+714 
0723-008 
0727-115 
0733-174 


0735+178 
0736+017 
07384313 
0742+103 
0743-673 


0748+126 
0804+499 
0814+425 
0823+033 
0826-373 


0827+243 
0828+493 
0831+557 
0833+585 
0836+710 


0839+187 
0851+202 
0859-140 
0859+470 
0906+015 


0917+624 
0919-260 
0923+392 
0941-080 
0952+179 


0954+658 
1004+141 
1015-314 
1030+415 
1031+567 


Name 


4C-02.19 


OG 147 
OG 050 


DA 193 


OH 471 
OI 417 


OI 318 


OI-039 


OI 158 
OI 061 
OM3680) & 
DW0742 


OI 280 
OJ 508 
OJ 425 


OJ 248 
OJ 448 
4C 55.16 


4C 71.01 


OJ 287 
OJ-199 
OJ 499 
4C 01.24 


OK 630 
OK-232 
4C 39.25 


VR17.09.04 


OL 108.1 


VR10.41.03 
OL 553 


Right 
Ascension 
J2000.0 


hm s 

5 01 12.805 
5 03 21.194 
5 30 07.964 
5 30 56.417 
5 32 38.997 


5 38 50.361 
5 41 38.082 
5 55 30.806 
6 07 59.700 
6 09 40.950 


6 14 23.859 
6 26 02.917 
6 35 46.517 
6 46 32.017 
H13538.177 


7 14 24.819 
7 21 53.448 
7 25 50.640 
T 309 N13 
7 35 45.814 


7 38 07.394 


7 39 18.032 
7 41 10.704 
7 45 33.060 
7 43 31.518 


7 50 52.046 
8 08 39.665 
8 18 16.000 
8 25 50.338 
8 28 04.785 


8 30 52.087 
8 32 23.214 
8 34 54.903 
8 37 22.409 
8 41 24.368 


8 42 05.095 
8 54 48.875 
9 02 16.832 
9 03 03.991 
9 09 10.100 


9 21 36.236 
9 21829357 
9 27 03.014 
9 43 36.945 
9 54 56.823 


9 58 47.247 
10 07 41.498 
10 18 09.278 
10 33 03.711 
10 35 07.047 


Declination 
J2000.0 


— #159 13.8 

+ 2 03 04.55 
-25 03 29.80 
+ £3),30 55.15 
+ 7 32 43.30 


—44 05 08.94 
— 5 41 49.50 
+39 48 49.17 
— 8 34 49.99 
-15 42 40.67 


+60 46 21.81 
+82 02 25.64 
-75 16 16.86 
+44 51 16.61 
+43 49 17.01 


+35 34 39.77 
+71 20 36.44 
— 0 54 56.54 
—11 41 12.61 
—17 35 48.39 


+17 42 19.00 
+ 1 37 04.64 
+31 12 00.22 
+10 11 12.69 
—67 26 25.96 


+12 31 04.83 
+49 50 36.55 
+42 22 45.41 
+ 3 09 24.51 
—37 31 06.19 


+24 10 59.81 
+49 13 21.04 
+55 34 21.09 
+58 25 01.86 
+70 53 42.18 


+18 35 40.98 
+20 06 30.63 
—14 15 30.90 
+46 51 04.13 
+ 1 21 35.4 


+62 15 52.14 
—26 18 43.36 
+39 02 20.85 
— 8 19 30.87 
+17 43 31.22 


+65 33 54.81 
+13 56 29.59 
—31 44 14.08 
+41 16 06.16 
+56 28 46.76 


=r 


mate Qoeoefo oon to fof) 


™ 
29 a3 


SN /(/SMN(O 2) (SN SSNS LESS) SOV EN NOME EY LLY ADS Omoar 


RADIO SOURCE POSITIONS, J2000.0 


(0.424) 
0.191 
0.630 


1.510 


0.889 
0.351 


2.046 
1.046 
0.242 
2.101 


0.259 
(0.306) 
1327 
1.462 
1.012 


2.300 
0.699 


1.472 


2.707 


1.120 


1.0 


0.6 


is} 
0.6 
1.2 


Code 


>>> 
te} 


IAU 
Desig. 


1032-199 
1034-293 
1038+064 
1039+811 
1040+123 


1055+018 
1104-445 
1111+149 
1116+128 
1117+146 


1123+264 
1127-145 
1128+385 
1130+009 
1143-245 


1144-379 
1145-071 
1148-001 
1150+812 
1155+251 


1213+350 
1216+487 
1219+285 
1222+037 
1226+023 


1228+126 
1237-101 
1243-072 
1244-255 
1245-197 


1252+119 
1253-055 
1255-316 
1302-102 
1308+326 


1311+678 
1313-333 
1323+321 
1328+254 
1328+307 


1334-127 
1342+663 
1345+125 
1349-439 
1354-152 


13544+195 
1404+286 
1418+546 
1430-178 
1435+638 


*Reference for origin of right ascension. 


Name 


OL-259 
OL 064.5 


4C 12.37 


4C 01.28 


OM 118 
4C 12.39 
4C 14.41 


PB2704 
OM-146 


OM-272 


4C-00.47 


4C 35.28 
ON 428 
W COM 
4C 03.23 
8@ 273 


3C 274 
ON-162 
ON-073 


ON 187 
BC2Z79 


OP-106 
OP 313 


4C 67.22 
OP-322 
4C 32.44 
3C 287 
3C 286 


4C 12.50 


4C 19.44 
OQ 208 
OQ 530 
0Q-151 


Right 
Ascension 
J2000.0 


hj jm 4s 
10 35 02.156 
10 37 16.080 
10 41 17.162 
10 44 23.086 
10 42 44.606 


10 58 29.605 
11 07 08.695 
11 13 58.695 
11 18 57.302 
11 20 27.803 


25h 372 
11 30 07.052 
11 30 53.283 
11 33 20.056 
11 46 08.108 


11 47 01.370 
11 47541559 
11 50 43.870 
11 53 12.514 
11 58 25.790 


12 15 55.600 
12 19 06.419 
12 21 31.681 
12 24 52.422 


12 29 06.69971* 


12 30 49.423 
12 39 43.065 
12 46 04.235 
12 46 46.802 
12 48 23.900 


12 54 38.253 
L215 6 el e67 
L2NS7 159074. 
13 05 33.016 
13 10 28.663 


13 13 27.984 
13 16 07.986 
13926 16:5 12 
13 30 37.691 
13 31 08.284 


13137 39.733 
13 44 08.679 
13 47 33.359 
13 52 56.535 
13 57 11.240 


13 57 04.436 
14 07 00.394 
14 19 46.598 
14 32 57.690 
14 36 45.800 


Declination 


J2000.0 


° , “u" 


—20 11 34.35 
—29 34 02.82 
+ 6 10 16.94 
+80 54 39.45 
+02: 03 31.25 


tl33558.81 
—44 49 07.61 
+14 42 26.94 
+12 34 41.71 
+14 20 54.95 


+26 10 19.97 
—14 49 27.39 
+38 15 18.54 
+ 0 40 52.83 
—24 47 32.95 


—38 12 11.03 
— 7 24 41.18 
— 0 23 54.21 
+80 58 29.09 
+24 50 17.93 


+34 48 15.04 
+48 29 56.09 
+28 13 58.44 
+ 3 30 50.28 
+ 2 03 08.59 


+12 23 28.04 
-10 23 28.77 
— 7 30 46.62 
—25 47 49.30 
-19 59 18.66 


+11 41 05.83 
— 5 47 21.53 
—31 55 16.90 
—10 33 19.6 
+32 20 43.78 


+67 35 50.36 
—33 38 59.18 
+31 54 09.40 
+25 09 10.85 
+30 30 32.94 


—12 57 24.70 
+66 06 11.64 
+12 17 24.21 
—44 12 40.40 
—15 27 28.73 


+19 19 07.37 
+28 27 14.67 
+54 23 14.78 
—18 O1 35.24 
+63 36 37.86 


RADIO SOURCE POSITIONS, J2000.0 


ID m, Z, 
Q 19.0 2.198 
ie 18.0 

Q 16.5 1.270 
Q 16.5 

Q 17:3 1.029 
Q 18.0 0.888 
Q 18.0 1.598 
Q 18.0 0.869 
Q 19.3 Jails 
Q | 20.0 

Q 18.5 2.341 
Q 16.9 1.187 
Q 19.0 

Q 18.5 

Q 18.5 1.950 
Q 16.2 

Q 18.5 

Q 17.6 1.982 
Q 18.6 1.250 
G 18.0 

Q 7 26:0 

Q 18.5 1.073 
L 15.0 

Q 19.0 0.957 
Q 12.86] 0.1584 
G 9.6 0.004 
Q 18.2 0.753 
Q 18.5 | (0.267) 
Q 18.0 0.633 
Q | 20.5 

Q 16.6 0.870 
Q 16.8 0.536 
Q 19.5 

Q 152 0.286 
a 19.0 0.996 
EF 

Q | 20.0 2.210 
G 19.0 

Q 18.0 1.055 
Q 17.0 0.846 
Q 18.5 

Q 19.0 

G 17.0 0.122 
i 18.5 0.053 
Q 18.5 

Q 16.5 0.720 
G 14.0 0.077 
i 14.5 

Q 19.0 2.331 
Q 15.0 2.060 


4.7 


1.0 
eS) 
jim, 
0.9 


0.9 
1.0 


5.8 


1.0 
1.4 


H61 


Code 


fo) 


> > > 


H62 


IAU 
Desig. 


1442+101 
1502+106 
1504-166 
1510-089 
1511+238 


1519-273 
1546+027 
1547+507 
1555+001 
1607+268 


1610-771 
1611+343 
1633+382 
1637+574 
1638+398 


1641+399 
1652+398 
1656+053 
1717+178 
1730-130 


17324389 
1738+476 
17394+522 
1741-038 
1748-253 


1749+701 
1749+096 
1751+288 
1803+784 
1807+698 


1821+107 
1908-202 
1921-293 
1928+738 
1933-400 


1934-638 
1936-155 
1947+079 
1958-179 
2007+776 


2008-068 
2021+614 
2029+121 
2030+547 
2037+511 


2106-413 
21134293 
2128+048 
2128-123 
2131-021 


Name 


OQ 172 
OR 103 


4C 23.41 


OR 078 


DW 1555 
CTD93 


DA 406 
4C 38.41 
OS 562 
NRAO 512 


3C 345 

4C 39.49 
OS 094 
OT 129 
NRAO 530 


OT 465 
4C 51.37 


OT 081 


3€ 371 


OV-236 
4C 73.18 


OV 080 
OV-198 


OW 637 


OW 551 
3C 418 


3CR 433 


4C-02.81 


Right 
Ascension 
J2000.0 


h m s 
14 45 16.461 
15 04 24.980 
15 07 04.791 
1512750583 
15 13 40.186 


15 22 37.676 
15 49 29.435 
15 49 17.468 
15 57 51.434 
16 09 13.315 


16 17 49.260 
16 13 41.064 
16 35 15.493 
16 38 13.462 
16 40 29.633 


16 42 58.810 
16 53 52.227 
16 58 33.447 
17 19 13.049 
17 33 02.706 


17 34 20.577 
L739 S927 
17 40 36.980 
17 43 58.857 
L752 51-265 


17 48 32.839 
17 51 32.816 
17 53 42.474 
18 00 45.669 
18 06 50.680 


18 24 02.855 
19 11 09.654 
19 24 51.056 
19 27 48.490 
19 37 16.208 


19 39 25.006 
19 39 26.655 
19 50 05.536 
20 00 57.090 
20 05 31.001 


20 11 14.214 
20 22 06.681 
20 31 54.994 
20 31 47.959 
20 38 37.030 


21 09 33.184 
21 15 29.414 
21 30 32.874 
21 31 35.260 
21 34 10.313 


Declination 


J2000.0 


ae es Bs) SkeHO)) 
+10 29 39.19 
-16 52 30.16 
— 9 05 59.84 
+23°38 35.18 


—27 30 10.78 
+ 237 OLLS 
+50 38 05.76 
— 001 50.42 
+26 41 28.98 


-77 17 18.47 
+34 12 47.91 
+38 08 04.50 
+57 20 23.94 
+39 46 46.03 


+39 48 36.99 
+39 45 36.45 
+ 5 15 16.44 
+17 45 06.44 
—13 04 49.55 


+38 57 51.41 
+47 37 58.37 
+52 11 43.43 
— 3 50 04.62 
—25 23 59.80 


+70 05 50.77 
+ 9 39 00.68 
+28 48 04.91 
+78 28 04.00 
+69 49 28.11 


+10 44 23.77 
—20 06 55.03 
—29 14 30.11 
+73,58 0155 
—39 58 00.88 


—63 42 45.68 
-15 25 43.06 
+s O7-418:93 
—17 48 57.67 
+77 52 43.22 


— 6 44 03.65 
+61 36 58.82 
+12 19 41.34 
+54 55 03.15 
+51 19) 12.59 


—41 10 20.48 
+29 8303887 
+ 5 02 17.45 
—12 07 04.81 
— 1 53 17.28 


~OHA ALA 


SO) Gia oe OOOO Hon ho Doo onr Oooo rf 


~~ 


Pomoc COOL 
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a) moe (2) 


RADIO SOURCE POSITIONS, J2000.0 


0.412 


1.770 


1.710 

1.404 

1.810 
(0.745) 


0.595 
0.033 
0.879 


0.902 


1.375 


(0.760) 


0.510 


1.036 


0.352 
0.360 


0.183 


0.650 


1.686 


0.501 
0.556 


1.2 


1.2 


232, 
0.8 
201 
2.4 
in 


Code 


IAU 
Desig. 


Name 


2134+004 
2136+141 
2144+092 
2145+067 
2150+173 


2155-152 
2200+420 


22014315 | 


2203-188 
2210-257 


2216-038 
2227-088 
2227-399 
2230+114 
22344282 


2243-123 
2245-328 
2251+158 
2253+417 
22544074 


2255-282 
2318+049 
2319+272 
2320-035 
2326-477 


2328+107 
2329-162 
2331-240 
2337+264 
2344+092 


2345-167 
23514456 
2352+495 


OX 057 
OX 161 
OX 074 
4C 06.69 


OX-192 
BL LAC 
4C 31.63 
MSH 22-101 


4C-03.79 


CTA 102 
CTD 135 


3C 454.3 
OY 489 
OY 091 


OZ 031 
4C 27.50 


4C 10.73 


OZ-252 


4C 09.74 


OZ-176 
4C 45.51 
DA 611 


Right 
Ascension 


J2000.0 


h mes 


21 36 38.586 
21 39 01.303 
21 47 10.159 
21 48 05.459 
21 52 24.816 


21 58 06.282 
22 02 43.291 
22 03 14.968 
22 06 10.413 
22 13 02.499 


22 18 52.036 
22 29 40.082 
22 30 40.276 
22 32 36.409 
22 36 22.471 


22 46 18.232 
22 48 38.686 
22 53 57.748 
22 55 36.708 
22 57 17.304 


22 58 05.862 
23 20 44.854 
Zo 2he 59.859 
23223-31954 
23029 NG 07, 


23 30 40.849 
23 31 38.655 
23233) 95.215 
23 40 29.029 
23 46 36.839 


23 48 02.609 
23 54 21.677 
23 55 09.460 


Declination 


+ 0 41 54.21 
+14 23 35.97 
+ 9 29 46.65 
+ 6 57 38.61 
+17 34 37.8 


15701 09.32 
+42 16 39.98 
+31 45 38.29 
—18 35 38:77 
— 25929) 30:17 


= 3 35 36.91 
— 8 32 54.43 
—39 42 52.02 
+11 43 50.90 
+28 28 57.42 


—12 06 51.28 
—32 35 52.17 
+16 08 53.56 
+42 02 52.54 
+ 7 43 12.27 


—27 58 23.04 
+ 5 13 49.94 
+27 32 46.42 
— 3 17 05.02 
—47 30 19.19 


+11 00 18.68 
-—15 56 56.99 
—23 43 40.74 
+26 41 56.79 
+ 9 30 45.49 


—16 31 12.02 
+45 53 04.16 
+49 50 08.33 


QAAN HH AHA VNHNAHHAHAHA TATAN YHNAHAANH YHAHA TT ANHNAA 


RADIO SOURCE POSITIONS, J2000.0 


(1.609) 
0.990 


0.070 
0.298 
0.614 


0.901 


0.323 
1.037 
0.795 


0.630 
2.268 
0.859 
1.476 


0.926 
0.623 
1.260 
1.411 
1.299 


1.489 
0.048 


0.677 


0.600 


0.237 


Identification: Q=Quasar, G=Galaxy, L=BL Lac object, EF=Empty field, ?=uncertain. 
Code: A—source observed by VLA and JPL 
a—nebulous extension 


b—extended HII 
c—optical double 


d—optical multiple 
e—optically diffuse 
f—nebulous (POSS—E) 
g—diffuse (POSS—O) 


H63 


Code 


> PrPr PF Pp 


H64 


RADIO FLUX CALIBRATORS, J2000.0 


Source Right 
Ascension 
h m s 
3C 48° 1 37 41.299 
BEN23 4 37 04.4 
BC 147% 5 42 36.127 
3@ 161 6 27 10.0 
3C 218 9 18 06.0 
Be22 7 9 47 46.4 
3C 249.1 11 04 11.5 
3c 274f 12 30 49.6 
3C 286° 13 31 08.284 
3C 295 14 11 20.7 
3C 348 16 51 08.3 
3353 17 20 29.5 
DR 21 20 39 01.2 
NGC 70274 | 21 07 01.6 
Polariza- Angular 
Source tion (at Size (at 
5 GHz) 1.4 GHz) 
3C 48° 33) 2.46 72 1.11 G QSs 5 <i 
SG123 10.60 7.94 5.63 SIAl| CC GAL 2 20 
3C 147° 8 5710 3.80 2.65 1.71 G QSSs <1 <1 
3C 161 4.18 3.09 2.14 — \es GAL 5 <3 
3C 218 8.81 6.77 _ — S GAL 1 core 25, 
halo 220 
3@ 227 g/l 1.34 1.02 0.73 S GAL 7 180 
3C 249.1 0.47 0.34 0.23 -— S QSS — iS) 
3c 274f 48.10 37.50 28.10 — S GAL 1 halo 4004 
3C 286° 5.38 4.40 3.44 255 GS QSs 11 <5 
3C 295 3.65 PaaS, 1.61 0.92 c= GAL 0.1 4 
3C 348 7.19 5.30 _- — Ss GAL 8 115° 
36.353. 14.20 10.90 —_— — CG GAL 5 150 
DR 21 21.60 20.80 20.00 19.00 Th HII _ 20° 
NGC 70274 — 6.43 6.16 5.86 Th PN <7] 10 


a) Halo has steep spectral index, so for A < 6 cm, more than 90% of the flux is in the core. Spectrum curves 
positively above 20 GHz. 

b) Angular distance between the two components. 

c) Angular size at 2 cm, but consists of 5 smaller components. 

d) Data up to 5 GHz are the direct measurements, not calculated from fit. 

e) Suitable for calibration of interferometers and synthesis telescopes. 

f) Virgo A. 

g) Indications of time variability above 5 GHz. 


SELECTED IDENTIFIED X-RAY SOURCES, J1998.5 


Designation Right a ie 
Discovery 4U Ascension Declination 
hm «os © Ja VE 
4U0005 +20 0005+20 | 00615.0 | +2011 42 
Cep XR—-1 0022 +63 025 11 +64 08.0 
02909.1 | +13 1535 
3U0026-09 0037-10 | 04145.9 | — 918.1 
2U0022 +42 0037+39 | 04239 +41 15.6 4 
048 42.3 | +31 5656 
053 30.2 | +12 4107 
059 48.1 | +3149 11 
103 08 + 221.0 
SMC X- 1 0115-73 1 17102385 | —73'27'03 66 
1 2175524) 2— 1/02'53 
2A0120—591 0106—59 123 42.4 | —58 48 49 6 
13619.5 | +2056 60 
2 1428.5 | — 04632 
219 +62 38 
4U0223 +31 0223 +31 2 2810.0 | +31 1822 6 
4U0241 +61 0241+61 2 4450.5 | +6227 44 6 
GX146—-15 0253+41 2 54.3 +41 35 9 
2U0528 +13 0254+ 13 2 58.9 + 13 35 
2A0311—227 3 1409.0 | —22 3602 
Per XR—1 0316+41 3 19.7 +41 29 86 
H0324 +28 3 2629.7 | +28 4240 
4U0336+01 0336+01 3 36 42.8 | + 03507 180 
2A0335+096 0344+11 3 395i +1005 3 
H0349 +17 3 50 19 +17 15.2 
2U0352 +30 0352 +30 355 17.4 | +31 0230 55 
2U0410+10 0410+10 | 413202 | +102759 6 
H0405 —08 41519.6 | — 73633 
H0415 +38 0407+377) 41815.3 | +3801 23 5 
0432 +05 433063 | + 52104 5 
2A0431—136 4 33.5 —1315 
43617.9 | —1022 45 
H0457 +46 501 +46 34 
MX0513—40 0513-40 | 5 1403.9 | —400250 33 
H0523 —00 5 1606.9 | — 00906 
LMC X —2 0520—72 | 52030.7 | —715741 29 
5: 25008 — 69 38 34 
5) 5) 25) —65 59 14 
5 25 59 — 66 05 23 
2A0526 — 328 § 2922.2 | —32 4907 
5 3201 —71 00 39 
LMC X—4 0532-66 | 53249 — 66 22 18 7 
5 34 18 == /0)33920 
Tau XR-1 0531+21 5 34 26 +22 00 48 1730 
5 35 43 —66 02 11 


H65 


Identified Counterpart 


2B 
uo) 
io) 


14.0 


8.4 


Mkn 335 
Tycho’s SNR 
PG0026 + 129 
Abell 85 
M31=NGC 224 


Mkn 348 

I Zw 1 

Mkn 352 
UMT301 
Sanduleak 160 


II Zw 1 
Fairall 9 
3CR47 
Mkn 590 
HB3 


NGC 931 


NGC 1129 
Abell 401 
BF Eni 


NGC 1275 

UX Ari 

HR 1099 
Zw0335.1 +0956 
V471 Tau 


X Per 
Abell 478 
40 Eri 
3C111 
3C120 


Abell 496 
Mkn 618 
HB 9 
NGC 185] 
Akn 120 


N132D 
(N49) 
N49 
TV Col 


N206 
DEM 238 


Crab Nebula 
N63A 


AAA an AAD AwA @PrA7A QQ Oa2O4% SeYVZG YVOQHG Z2Z@GOOG 2lOQ 2 \@aaro 7 @ 
-f 
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H66 


Designation 


Discovery 


A0538 —66 


A0535 +26 
LMC X-3 


3U0545 —32 
250549 —074 


MxX0600 +46 
2U0613 +09 


2U0601 +21 
A0620 —00 


4U0720+55 


Vela XR —2 


Vela XR —1 
3U0901 —09 


A1044 —59 
2A1052 +606 


A1103 +38 
Cen XR—3 
H1122—59 
A1136—37 
2U1134—-61 
2U1144+19 
Cen X —5 

2U1207 +39 
H1209 —52 


4U 


0538 +26? 
0538 — 64 


0543 —31 


0558 +46 


0614+09 


0617+23? 


0720+55 


0821 —42 
0833 —45 


0900 —40 
0900 —09 


1053 —58 


1118-60 


1136—37 


1137-65 
1143419 
1145-61 


1206 +39 


Right 
Ascension 


5 36 15.4 
5 37 48 

5 38 49.0 
5 38 56.0 


5 40 13.0 
5 45 56.6 
5 47 11 

5 50 37.2 
a 52 O71 


5 54 47.2 
6 15 39 

6 1702.3 
6 17.2 
6 22 40 


72025 
7 36 49.7 
7 42 32.8 
755 00 

7 S192 


8 22 58 
835.17 
8 50 47.4 
9 02 03 
9 08.8 


10 31 29.4 
10 45 00.2 
10 47 

10 55 38.2 
11 03.6 


11 04 22.4 
LL 22 
11 24.4 
Ut 235°3187 
11 383571.3 


1 39°25.6 
11 44 39 
11 47 56 
12 04 37.6 
12 10 27 


12 1232 
V2 132.9 
12 21 40.2 
12 24 59 
12 25.8 


Os ae 


— 69 10 03 
+26 1854 


—69 1951 
— 32 18 24 
— 69 42 25 
—32 16 23 
— 72728 


+46 26 25 
+28 34.4 
+ 908 01 
+22 33 

— 02041 


+55 46.5 
+58 46 32 
+65 10 54 
+22 00.5 
+39 1127 


— 43 01.4 
—45 1017 
+15 22 35 
— 40 32 56 
— 939 


+28 47 29 
—59 40 36 
—59 38 
+60 28 39 
+28 53 


+38 13 01 
— 60 36 58 
—59 26 

+54 23 29 
— 37 43 49 


— 65 23 22 
+19 45.5 
—62 1155 
+27 54 41 
+39 24.7 


—5258 
+29 49 18 
+75 19 07 
+12 53.7 
+1240 


— 66 50 27 
— 70 38 58 


— 64 05 04 


360 


130 


SELECTED IDENTIFIED X-RAY SOURCES, J1998.5 


Identified Counterpart 


DEM 249 
N157B 
HDE 245770 


N158A 

p Col 

N135 
PKS0548 — 322 
NGC 2110 


MCG 8-11-11 
KR Aur 

V1055 Ori 

IC 443 

V616 Mon 


Abell 576 
Mkn 9 
Mkn 78 
U Gem 
Mkn 382 


Puppis A 
PSRO833 —45 
LB8755 

HD 77581 
Abell 754 


Ton 524A 

7 Car 
G287.8 —0.5 
SAO 015338 
IC 3510 


Mkn 421 
V779 Cen 
MSH 11 —54 
Mkn 40 
NGC 3783 


HD 101379 
Abell 1367 
HD 102567 
GQ Com 

NGC 4151 


PKS1209 —52 
Mkn 766 

Mkn 205 
M84=NGC 4374 
NGC 4388 


Type 


NANA ANDAR AYQNOQA BRYN ADAYA GARRY 


Ye 
eo) 
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ut 
el 
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SELECTED IDENTIFIED X-RAY SOURCES, J1998.5 H67 
Sisson 4U | ba tae Declination | Flux! | Mag.? | Identified Counterpan | Type 
hm s Se A 
12 26 08 +12 57.3 97 M86=NGC 4406 G 
GX301 —2 1223 —62 | A2 26 32 — 62 45 43 73 | 10.0V BP Cru S 
LTE + 926 1255 NGC 4424 G 
12 27 41 + 1301.0 ile 3ee NGC 4438 G 
12 28 20.4 | +31 2907 15.9 B2 1225+317 Q 
12 29.0 +1359 12.0 NGC 4459 G 
1226+02| 122902.1 | + 20338 5 | 13.0 3C273 Q 
1E1227.0+ 1403 12 29 29.2 | +13 4656 17.4 Q 
12 29 44 +13 26.3 116* NGC 4473 G 
12 30.1 +13 39 11.5 NGC 4477 G 
Vir XR—1 1228412] 123044 +12 24.0 40 | 9.2 M87=NGC 4486 G+C 
12 34 11 +1105 15.2 IC 3510 G 
123531.7 | =3954:04 12.9 NGC 4507 G 
4U1240—05 1240—05| 1239.5 — 520 4] 12.0 NGC 4593 G 
2U1247 —41 1246-41] 1248.8 =41 hs 9} 12.4* NGC 4696 G+C 
2U1253 —28 1249-28] 125219 —29 1505 8 | 11.5V EX Hya S 
Coma XR — 1 1257+28] 1259.8 +27 55.7 AE WAN OMT Coma Cluster € 
GX304—-1 1258=61)|) 138017 —61 35:38 100 | 14.7 S 
MX1313+29 13 16.3 +29 07 12.5* HZ 43 S 
13222 421s 2523 — 43 00.6 1S Wee Cen A=NGC 5128 G 
4U1326+4+11 1326411] 13 29.3 +1145 A Neta2 NGC 5171 G+C 
2U1348 +24 1348+25] 1348 48.0 | +26 36.0 8 | 16.0 Abell 1795 ce 
2A1347 —300 13 49 14.2 | —3018 10 12.8* IC 4329A G+C 
13 53 13.2 | +63 4611 14.8 PG1351 +640 Q 
VARIES 7 Dell 5212184 20.5 30295 Cc 
TWX -1 1410—03] 14 13.2 — 312 SEIS GF NGC 5506 G 
2A1415+4255 1414-7 25-\— 14 1915527 | 4-25 08°35 6 NPIBE I NGC 5548 G 
14 30 03 —62 41.0 12.4V Proxima Cen S 
14 34 49.5 | +48 4009 16.5* Mkn 474 G 
Cen XR—4 1458 16.6 | —31 39 46 19.0 T 
1458-41] 150216 Si AY 4] 19.9 SN 1006 R 
Gx9 +50 15 10.9 + 546 16.0 Abell 2029 Cc 
Cir XR—1 1516—56|] 15 2034.0 | —570941 1300 | 22.5*V | BR Cir S 
2A1519 +082 IS 2047 .belr + 742.42 SiS NGC 5920 G+C 
15:26 41.8 | + 959 25 18.0 4C10.43 Q 
A1524-61 15 28 09.1 | —61 5240 19.0 Nova TrA 1974 T 
15935) 51.3 | +-57'5429 15.0* Mkn 290 G 
2U1587 —52 153852) 15.42 1616 | —52°2253 Si} || aa QV Nor S 
15.55.04.2 | +19 1155 15.0* Mkn 291 G 
15 56 03 —37 5550 12.0 The 12 S 
3U1555 +27 1SSOe 27) pe Ls) Sere. +27 14 16.0 Abell 2142 C 
SULOpIe aS 1601+15] 160209.9 | +1601 29 6 | 13.8 Abell 2147 G+C 
1604 51.3 | +2355 20 15.0 NGC 6051 G+C 
MX1608 —52 1608—52| 161236.1 | —522510 TS a\e2ON, QX Nor S 
H1615—51 16 17 28.8 | —5102 13 RCW 103 R 


H68 SELECTED IDENTIFIED X-RAY SOURCES, J1998.5 


babe 4U | pe ae Declination | Flux? Identified Counterpart 
| hm s Ona. 4 

Sco XR-1 1617-15 | 161949.8 | —153810 | 31000 V818 Sco S 
3U1639 +40 1627+39 | 1628.6 +39 32 Taels:9 Abell 2199 Cc 
2U1626 —67 1626-67 | 163207.2 | —672729 33 | 18.5V | KZTrA S 
2A1630 +057 16 32.7 + 535 17.1 Abell 2204 c 
2U1637 —53 1636-53 | 164047.2 | —53 2452 460 | 17.5V | V801 Ara S 
Ara XR-1 1642—45 | 1645 44 — 45 37 820 G339.6—0.1 H 
4U1651 +439 1651+39 | 1653 49.3 | +3945 46 4 | 13.5* | Mkn 501 G 
Her X—1 1656+35 | 165747 +35 20 39 180 | 13.0V | HZ Her S 
1701 04.5 | +2924 39 17.0* | Mkn 504 G 

GX339 —4 1658-48 | 1702 42.6 | —48 47 14 630 | 15.4V | V821 Ara S 
2U1700 —37 1700-37 | 170351 —37 50 32 180 | 6.7 HD 153919 S) 
2U1706 +78 1707+78 | 170359.5 | +78 38.6 7 \ its Abell 2256 c 
H1705 —25 1708 09.1 | —25 05 22 21.0* | Nova Oph 1977 ? 
17 22 36.8 | +305251 15.5* | Mkn 506 G 

17 22 37.6 | +24 3624 16.4V | V396 Her Q 

4U1722 —30 1722-30 | 1727 27.2 | —304804 13 SVET-O Terzan 2 A 
17 30.5 —21 29.0 19.0 Kepler’s SNR R 

GX9+9 1728-16 | 1731 38.9 | —165741 470 | 16.6 S 
GxX1+4 1728—24 | 173156.7 | —2444 40 110 | 18.7V_ | V2116 Oph Ss 
MXB1730—335 I7ESBE19 — 33 23 17 IES Liller 1 A 
GX346 —7 1735-44 | 173851.5 | —44 2656 380 | 17.5V | V926 Sco S 
17 48 38.5 | +68 42 03 16.0* | Mkn 507 G 

MX1746 —20 17 48 47.4 | —2021 33 12.0 NGC 6440 A 
L10 1746-37 | 175006.7 | —3703 02 73 | 8.4* NGC 6441 A 
2U1808 +50 1813+50 | 181611.1 | +495201 i0 | 12.3V | AM Her S 
Sgr XR—4 1820-30 | 1823 34.6 | —3021 41 580 | 8.6* NGC 6624 A 
H1832 +32 18 3500.1 | +3241 43 14.7 3C382 G 
Ser XR-1 1837+04 | 183953.0 | + 50212 510 | 15.1V | MM Ser S 
2U1828 +81 1847+78 | 1842 16 +79 46 08 SAP ls-0 3C390.3 G 
A1850 —08 1850—08 | 185259.4 | — 84229 16 | 8.9 NGC 6712 A 
4U1849 —31 1849 — 31 18 54 57 —31 10.1 7 | 14.7V_ | V1223 Sgr S 
2U1907 +02 1901+03?} 185604 + 118.8 160 Westerhout 44 R 
1907+09 | 1909 34.2 | + 94939 36 | 16.4 S 

Aq! XR -1 1908+00 | 191111.5 | + 03457 360 | 16.0V | V1333 Aql S 
A1909 +04 1908+05 | 191145.2 | + 45850 7 | 14.2V | SS433 S 
2A1914—589 1924-59 | 1921066 | —58 40 23 4] 14.1 ESO 141 —GSS G 
2U1926 +43 1919+44 | 192111 +43 56.2 7 | 15.4 Abell 2319 Cc 
1238 +3116 G65.2+5.7 R 

H1938 + 16 19 42 06 +17 05.6 14.7V | UU Sge S 
Cyg XR-1 1956+35 | 1958183 | +3511 51 2100 | 8.9 HDE 226868 S 
3U1956+11 1957+11 1959 19.8 | +1142 15 S25 RLS? S 
2U1957 +40 1957+40 | 1959 25 +40 44 TALON CygA G 
1E2014.1 +3702 20 1600.2 | +3711 50 G74.9+1.2 R 
Cyg X—3 2030+40 | 203223 +4057 10 700 V1521 Cyg S 
2A2040 — 115 20 44 04.9 | —1043 44 13.0* | Mkn 509 G 


SELECTED IDENTIFIED X-RAY SOURCES, J1998.5 H69 
pis ee Identified Counterpart | Type 


hm s Op amin 


Vul XR-1? 20464317] 205146 | +3104 Cygnus Loop R 
2U2134411 2129412 | 212954.1 | +120937 8 | 6. M15=NGC 7078 A 
2U2130+47 —2129+.47 | 2131 23.0 | +471700 36 | 16.2V | V1727 Cyg S 
214239 | +43 34.6 8.2V | SS Cyg S 
Cys XR— 2) 9140438) | 214438 | 638 18.53 V1341 Cyg S 
2A2151—316 2158 46.5 | —30 1358 PKS2155 —304 G 
H2208 —47 22 09.2 —47 11 11.8 _ | NGC 7213 G 
22 1707.5 | +14 1404 15.5* | Mkn 304 G 
2$2251—178 22 5401.1 | —173523 17.0 | MR2251—178 Q 
GF2259 +586 23 01 04.1 | +58 5217 15.0 | G109.1—1.0 R+S 
2A2259+085 2300408 | 230311.2 | + 85159 NGC 7469 G 
23 03 58.4 | +22 3655 15.0* | Mkn 315 G 
2A2302—088 2305-07 | 230438.9 | — 84137 a0 113.9 Sl" MCG —3=58 29 G 
2A2315 —428 23 Ws Tee"! & 49 ong 11.8 | NGC 7582 G 
Cas XR= 109391 CES g"1'-93 9B 298 P 58 48 97 | 19.6 | CasA R 
3U23464+26 2345427 | 235057 | +2708.8 Abell 2666 Cc 
4U23514+06 2351406 | 235557.4 | + 73053 7 | 15.5* | Mkn 541 G 


1 (2—6) kev flux, units are 10—11 ergs cm~?s7!. 


2 V magnitude unless followed by *, then B magnitude. V designates variable magnitude. 


A— Globular Cluster 

C — Cluster of Galaxies 

G-— Galaxy 

H — HII Region 

P — Pulsar 

Q- Quasi-Stellar Object 

R-— Supernova Remnant 

S — Stellar 

T — Transient (Nova-like optically). 


Type Designation: 


H70 VARIABLE STARS, J1998.5 
ECLIPSING VARIABLES 


Naat HD. Right Magnitude |Mag.| Epoch 
Ascension 


eee Max Min| Type | (2400000+) 


Period Spectrum 


hm is Oume f d 
Cep 5679 10153 | +81 51.1 |EA O:75u) OD 44541.603 2.493|B7Ve + G8III-IV 
Phe 6882 10812} —55 16.2 |EA 3.92} 4.4 41643.689 1.669|}B6V + B9V 
Cas 17138} 24831] +6937.0 |EA 6.18] 7.7 43200.306 1.195 | A3V 
Per 19356} 30753 | +4056.3 |EA 2.12| 3.4 40953.465 2.867|B8V + GSIV + Am 
Tau 25204} 40026) +12 28.7 |EA Sy) 3.8 35089.204 3.952|B3V + A4IV 


U 
¢ 
RZ 
Bp 
mn 
HU Tau | 29365} 43800] +2040.5 |EA | 5.92] 6.7 42412.456 2.056} A8V 

€ Aur | 31964; 50138] +4349.0 |EA | 2.92] 3.8 35629 9892 A8la—F2laep 
AR Aur | 34364; 51801} +3345.7 |EA | 6.15] 6.8 38402.183 4.134) ApHgMn + B9OV 
IZ 
WW 

R 

Vv 


Men | 39780} 53107] —8447.4 |EA | 6.2 | 69 38196.370 8.569 | BO. SIV—V 
Aur | 46052| 63210] +3227.5 |EA | 5.79} 6.5 41399.305 2.525| A3m: + A3m: 


CMa] 57167; 71915} —1623.1 |EA | 5.70] 6.3 44289.361 1.135] F1V 

Pup | 65818] 75807) —4914.0 |EB | 4.7 | 5.2 28648.304 1.454|}B1Vp + B3IV: 
TY, Pyx Wy 77137) 85933 O74 729) 6.87| 7.4 43187.230 3.198}G5 + GS 
CV Vel 77464} 90029 | —5132.3 |EA | 65 | 7.3 42048.668 6.889|B2V + B2V 
S Ant | 82610} 93207 | —2836.5 |EW | 64 | 69 S5159.979 0.648 | A9Vn 


WwW UMa} 83950} 94327 | +5558.4 |EW | 7.9 | 86 41004.397 0.333} dF8p + F8p 
é Lib | 132742} 150044 | — 830.0 [EA | 4.92] 5.9 42937.423 2.327| BO.SV 

i Boo | 133640) 150340 | +4740.2 |EW | 6.5 7.1 39370.422 0.267|G2V + G2V 
GG Lup | 135876} 15 1839 | —40 46.5 | EB 5.4 | 6.0 34532.325 2.164;BS5 + AO 

R Ara | 149730} 163922 | —5659.1 |EA | 6.0 | 6.9 25818.028 4.425 | BSIV—V 


V1010 Oph | 151676] 164912 | —15 39.7 | EB 6.1 7.0 38937.771 0.661 | ASV 

V861 Sco | 152667} 165617 | —40 49.0 | EB 6.07) 6.6 7.848 | BO.SIae 

U Oph | 156247) 171618 | + 112.9 |EA | 5.88} 6.5 36727.424 1.677|B5Vnn + B5V 
u Her | 156633| 171710] +3306.3 |EB | 4.6 | 5.3 44069.386 2.051}B1.5Vp + BSI 
V539 Ara | 161783) 175006 | —53 36.7 |EA | 5.66] 6.1 39314.342 3.169|B2V + B3V 


RS Sgr | 167647) 181718] —3406.5 |EA | 6.0 | 6.9 20586.387 2.415|B3V +A 

B Lyr |174639| 184955 | 433 21.5 |EB 3.34] 4.3 45342.39 12.935|B7Ve + A8p 
RS Vul | 180939) 191729 | +2226.0 |EA | 6.9 | 7.6 32808.257 4.477) BS5V 4- A2 
U Sge |181182] 191837) +1936.2 |EA | 6.58] 9.1 40774.463 3.380 | B8IIl + K: 
VS505 Sgr |187949) 195251 | —1436.8 |EA | 6.48] 7.5 40087.336 1.182} AOV + F8IV 


BE Peg |206155| 213949] + 909.8 |EA | 6.9 | 7.6] v_ |40286.432 2.628|A3Vm + F4: 
VV Cep | 208816] 215632] +6336.3 |EA | 4.80] 5.3 43360 7430 M2Ia—Iabep + B8:Ve 
AR Lac |210334) 220830] +45 43.2 |E 6.11] 6.7 39376.495 1.983|G2Iv + KOI 


“am aol a =< <6 PO ee Se SS es, ee On Se ae 


<i 


See page H74 for Type codes. 


VARIABLE STARS, J1998.5 H71 
PULSATING VARIABLES 


Right Rat i 
Name Acct Sion Declination} Type wee ee We Q ree Period | Spectrum 
hm s Oy fi d 

S 01509 | —3204.2 |M 5.5 | 13.6] v_ |42343 365.32 |M3e—M8e 
ap 0 21 33 | —2005.0 |SRc 5.0 | 6.9} v_ |40562 158.9 |M5—M6SIe 
R 02351 | +38 33.2 |M 5.8 | 14.9] v |43135 409.33 |S3,5e—S8,8e(M7e) 
Vie esc 2411) 02748 | +1752.1 |SR 4.65} 5.4) V 70 M3Illv 
KKS Peres) 13136") 2'09'57 ||| +5632:3"\ Lc HP | AAV NY M1—M3.5 Iab—Ib 
0 Cet | 14386} 21907] — 259.7 |M 2.0 | 10.1} v |44839 331.96 |M5e—M9e 
U Cet 7) SOTA 2 33 31 || —13 1011 |/M 6.8 | 13.4) v |42137 234.76 |M2e—M6e 
R Tri 16210} 23646] +3414.7 |M 5.4 | 12.6) v |42014 266.48 | M4llIe 
R Hor | 18242|} 25342] —4954.6 |M 4.7 | 14.3] v_ |41490 403.97 | M7IIle 
p Per | 19058] 30452] +3849.5 |SRb 3.30} 4.0} V 50: M4II 
R Dor | 29712} 43643 | —6205.1 |SRb 48 | 6.6] v 338: M8IlIq:e 
R Cae | 29844) 44021) —3814.7 |M 6.7 | 13.7| v_ |40645 390.95 |M6e 
R Pic | 30551} 44602] —4915.2 |SRa 6.7 | 10.0] v |38091 164.2 |M1Ile—M4lle 
R Lep | 31996} 45924] —1448.8 |M 5.5 | 11.7] v_ |40800 432.13 | Célle 
RX Lep | 33664) 51110] —1151.4 |Lb 5.0 | 7.0] v MOIII 
B Dor | 37350] 53335 | —62 29.6 |6 Cep] 3.46] 4.0] V |35206.44 9.842 | F4la—G4lab 
a Ori | 39801} 55456] + 724.4 |SRc 0.40; 1.3) V 2110 M1—M2 Ja—Iab 
U Ori | 39816} 55533] +2010.5 |M 4.8 | 12.6) v |42280 372.40 |M6.SIIle 
7) Gem | 42995) 61436] +2230.5 |SRb 320 eS-9) | AVES O25 232.9 |MB3III 
Ae Mon} 44990] 62458] + 705.3 |6 Cep| 5.59] 6.6] V |36137.090 27.020 | F7lab—K 1 Iab 
RT Aur | 45412) 62816] +3029.8 |6 Cep| 5.00} 5.8) V_ |42361.155 3.728 | F4Ib—G1 Ib 
IS Gem] 49380) 64924 | +3236.8 |SRd O16 |7.3)|| 1p 47: K3II 
¢ Gem | 52973} 70351 | +2034.6 |6 Cep| 3.66] 4.1] V |36791.922 10.150 | F7Ib—G3Ib 
La Pup | 56096) 71324] —4438.2 |SRb 2.6 | 6.2) v_ |40813 140.42 |MSIIle 
AK Hya | 73844} 83941 | —1717.1 |SRb 6.33] 6.9} V 112: M4IlI 
R Car | 82901} 93208 | —6246.2 |M 3.9 | 10.5} v_ |42000 308.71 |M4e—M8e 
R Leo | 84748} 94719] +1127.0 |M 44 111.3] v_ |41688 312.43 | M8IIIe 
S Car | 88366] 100914 | —61 31.6 |M 45 | 9.9] v 142112 149.49 | KSe—M6e 
VY UMa| 92839} 104445 | +67 26.1 |Lb 559 eO-S) Pay. CsI 
U Car | 95109} 105738) —5942.5 |6 Cep} 5.72} 7.0} V_ |37320.055 38.768 | Fo—G7Iab 
VW UMa| 94902} 105843 | +7000.9 |SR 6.85| 7.7) V 125 M2 
S Mus |106111] 12 1233 | —7007.6 |6 Cep} 5.90} 6.4} V_ |35837.992 9.660 | Félb 
RY UMa| 107397) 122015 | +61 20.1 |SRb 6.68] 8.5] V |40810 311 M2—M3llle 
SS Vir |108105| 122500 |) + 047.7 |M 6.0 | 9.6) v_ |40653 354.66 | Ne(CS,3e) 
BO Mus | 109372] 12 3438 | —67 43.9 |Lb GOP 6.7" Vv Mb 
R Vir |109914] 123816] + 700.8 |M 6.0 | 12.1) v {42512 145.64 |M4.SIIle 
R Mus | 110311] 124148 | —6922.9 |6 Cep} 5.93) 6.7} V_ |40896.13 7.476 | F7Ib 
SW Vir |114961) 131350] — 247.0 |SRb 6.85} 7.8] V_ |40709 150: M7III 
FH Vir |115322) 131611 | + 631.7 |SRb 6.92} 7.4] V_ |40740 70: Moll 
Vv CVn | 115898} 131916 | +45 33.1 |SRa 6.52} 8.5) V |43929 191.89 |M4e—M6ellla: 
R Hya | 117287] 13 29 29 || —23 15.5 |M 45 | 9.5| v_ |41676 389.61 |MZ7IIle 
45 Cen |119090} 13 41 31 | —33 34.5 |SRa 5.5 | 9.0) v 43242 90.44 | KO:e—M4ll:e 
V412 Cen |121518] 135710 | —57 41.3 |Lb TASS GB M3lab—Ib — M7 
0 Aps | 122250] 140454 | —76 46.4 |SRb 6.4 | 8.6] p 119 M7III 
R Cen |124601} 141615 | —5953.6 |M 5.3 | 11.8] v |41942 546.2 |M4e—M8lle 


See page H74 for Type codes. 


T Ser 
R Ser 
AT Dra 
g Her 
a Sco 
RS Sco 
a Her 
VW _ Dra 
BM _ Sco 
Xx Sgr 
OP vier 
WwW Sgr 
VX = Sgr 
Ye Sgr 
T Lyr 
XY Lyr 
Xx Oph 
R Lyr 
K Pav 
FF Agql 
MT Tel 
R Aql 
UX Dra 
RRO yr 
XV TNE 
n Aal 
V449 Cyg 
RR Sgr 
Ss Sge 
BU Del 
xX  Cyg 
T Vul 
i Cep 
Ww Cyg 
V460 Cyg 
 -Cep 
a Gru 
) Cep 
ER Aqr 
R Aqr 
IDS lee 


139216 
141850 
147232 
148783 
148478 


152476 
156014 
156947 
160371 
161592 


163990 
164975 
165674 
168608 


172380 
172171 
175865 
174694 
176155 


176387 
177940 
183556 
182989 
187796 


187929 
188344 
188378 
188727 
196610 


197572 
198726 
202012 
205730 
206570 


206936 
212087 
213306 
218074 
222800 


223075 


Ascension 


Right 


VARIABLE STARS, J1998.5 
PULSATING VARIABLES 


hm s 
15 36 15 
15 50 29 
161711 
16 28 30 
16 29 07 


16 55 18 
17 14 26 
17 16 26 
17 40 40 
17 4717 


17 56 40 
18 04 44 
18 07 48 
18 21 07 
18 32 10 


18 37 57 
18 38 08 
1855 12 
18 56 29 
18 58 03 


19 01 54 
19 06 09 
19 21 45 
19°25 20 
19 50 23 


195205 
19S Sus 
19 55 40 
19 55 49 
20 37 42 


20 43 13 
20 51 16 
21 09329 
ZS Oe 
21 41 50 


21 43 22 
PPE OW ROH 
22 29 00 
23 05 11 
23 43 35 


23 46 10 


° 
+15 06.9 
+15 08.9 
+59 46.0 


+41 53.5 


— 26 25.3 


— 45 05.7 
+14 23.7 
+60 40.5 
— 32 12.7 
—27 49.8 


+45 21.0 
— 29 34.9 
—22 13.4 
— 1851.8 
+36 59.7 


+39 39.8 
+ 849.8 
+43 56.3 
— 67 14.4 


+17 21.3 


— 46 39.4 
+ 813.5 
+76 33.1 
+42 46.7 
+32 54.2 


+ 059.6 
+33 56.2 
—29 12.1 
+16 37.4 
+18 15.1 


+35 34.2 
+28 14.0 
+68 28.4 
+45 21.2 
+35 29.3 


+58 45.6 
— 45 58.2 
+58 23.5 
— 22 30.7 
—15 18.5 


+ 327.7 


CWa 
6 Cep 


RRc 
M 
SRa 
RRab 
M 


6 Cep 
Lb 

M 

6 Cep 
SRb 


6 Cep 
é Cep 
M 


Lb 


7.14 
5.8 


6.9 


= We lh oe oe or on © Be om «oe ee yo ie ee 


lnc o fe ae ieee “weal oer al 


<efe Sl Sap Fog 


oc 


42134 


36968.852 


37678.578 
36493 
36230.180 


41478 
35920 
40858.53 
41576.428 


38479.332 
43458 


42995.405 
42143 


36084.656 


41133 
36082.168 
35794 


35915.918 
35934.758 
44177 
38659.73 


36075.445 


42398 


See page H74 for Type codes, 


Spectrum 


MSIIb—IIia 
M7IIle 

M4lila 

MOIII 
M1.Sfab—Ib + 


MSe—M8e 
M5SIb-II 
K1.5IIIb 
K2.5Ib 
FT7II 


MSIIb—IIa 
F4—G1Ib 
M4lae—M9.5 
F8I 

R6(C5,3) 


M4—MS Ib—II 
Molle + KIIII 
MSIII 

FSI-II 
F5la—F8la 


AO 
MSe—M9e 
C73 

A8—F7 
S6,2e—S10,4e 


F6Ib—G4Ib 
M1—M4 
MS5e—M7e 
F6Ib—GSIbv 
MOlIlIFe 


F7Ib—G8Ibv 
FSIb—GOIb 
MS.5e—M8.8e 
MSlIlIlae 
N1(C6,5) 


M2Iae 

SS 

FSIb—G1Ib 

M3 

MSe—M8.5e + P 


NO(C6,2) 


B4Ve 


VARIABLE STARS, J1998.5 H73 
ERUPTIVE VARIABLES 


Name H.D. pene Declination| Type Period Spectrum 
hm s 2 
WW Cet |———-| 01111] —11 30.3 31.2:) P(OUG) 
RX And |———-| 10420] +41 16.6 14.3: 
KT Per |———-| 13648] +54 49.3 12: 
WX Hyi 209 43 | —63 20.3 
VW Hyi |———-| 40910] —71 18.3 27.8: 
SS Aur |——-| 61302] +47 44.6 55.8 
IR Gem -| 64722 | +28 05.1 7D: 
U Gem} 64511} 75449] 42200.9 103: |M4.5 + WD 
Lain 8 2444 | +73 07.6 223 
SW UMa!|———-| 83623] +53 29.6 459: 
BZ UMa|———| 85334] +5928.5 |UG 10.5] 16.0] p 110: 
CU Vel |———| 85818] —4147.0 |UG 10.7] 15.5] p 150: 
SY Cne |———} 90047) +1755.3 |Z Cam) 10.6) 13:7] p fe 
T  Pyx }———] 90429} —3221.5 |Nr 6.3) 14.0} v |39501 7000: |P 
CH UMa|———-} 100704 | +68 32.1 |UG LOT! -15:98). tp 204 
T Leo ;——/ 113813 | + 323.8°|}UG 10.0} 15.4] p 
BC UMa|]———}| 115206] +5618.1 |UG LOLS} 1 7ESH kp 
BV Cen |——/ 1331 03 | -—5457.1 |UG 10.7) 13.6] v 149.4: 
Z  Aps 1406 32 | —71 21.0 |ZCam] 10.7} 12.7} v 19: 
T  CrB | 143454} 155919 | +25 55.9 |Nr 2.0} 10.8} v |31860 9000: |M3III + P(Q) 
U Sco 162215 | —1752.0 |Nr 8.8] 19.0] p |44048 3400: 
AH Her 164359 | +25 15.6 |ZCamj10.2} 14.7] v 19.8: 
RS Oph |} 162214; 174958 | — 642.5 |Nr Droit 2634 epee so7 91 Ocp + M2ep 
MV Lyr 190709 | +44 00.7 |NL 10.5} 14.0} p 
WZ Sge |———-| 200723 | +1741.5 |Nr(E) | 7.0) 15.5] p {32001 1900: | P(Q) 
P  Cyg | 193237} 201737 | +3801.1 |S Dor | 3.0; 6.0] v B2pe 
Vem «sce -| 202003 | +2105.4 |NL OSi- 1S29)|| Fv 
AE Aqr |———-} 203954 | — 053.3 |UG? |104| 12.0] B 
VY Aqr -| 211155) — 850.8 |UG 8.0] 16.6] p |45667 
SS Cyg | 206697} 214232] +43 33.9 |UG 8.2) 12.4] v 50.1:| Al—dGep 
RU Peg 22 1350 | +12 40.8 |UG QO, Teil sy 67.8 |sdBe + G8IVn 


See Page H74 for Type codes. 


H74 


Name 


Right 


hm s 
0 44 22 
5 48 49 
7 30 34 
8 02 51 
8 13 56 


8 40 38 
92150 
9 26 47 
12 09 10 
12 43 02 


12 44 29 
15 08 56 
15 48 23 
16 01 40 
17 20 44 


17 41 59 
18 18 31 
18 30 05 
18 47 14 
18 47 14 


18 53 38 
19 16 15 
19 23 43 
19 24 26 
19 50 02 


20 03 54 
21 42 47 
21 50 49 
23 33 26 
23 46 18 


And 
Tau 
Mon 
Pup 
Vel 


Cne 
Vel 

Car 
Cen 
Cen 


CVn 
Aps 
CrB 
Dra 
Ara 


4174 
247925 
59693 


69213 


73857 
81137 
82085 
105578 


141527 


Sco | 160589 
Tel 
Her 
Sct 


CrA 


170756 
173819 
173539 


Sgr 

Sgr 

Cyg 
Cyg 
Cyg 
Tel 

Gru 
Peg 
And 
Phe 


180093 


182917 


206379 
207757 
221650 
223065 


eclipsing 

eclipsing, 3 Lyr type 
cepheid, classical type 
slow irregular type 
RV Tauri type 


Mira, long period variable 


recurrent novae 


recurrent novae and eclipsing variable 
U Gem, SS Cyg type, outbursts 


semi-regular 

SRa 
SRb 
SRe 
SRd 
RRab 
RRec 
RCB 
S Dor 


AES, 


Ascension 


VARIABLE STARS, J1998.5 


OTHER VARIABLES 


—EE 


TYPE OF VARIATION 


Type oj Lanes ae (2 Pits Period Spectrum 
cP d 

+40 39.3 |Z And} 7.08] 7.8! V M2Illep 
+1903.9 |RCB | 9.1 | 16.0} v GOep(C1,0) 
— 946.1 |RVb | 6.1 8.1} p |37395 92.26 | F8e—KOIb:p 
—36 35.0 |RVb | 8.7 | 10.9] p 75 cFO—cF8 
—44 33.7 |6 Sct] 64 | 7.1] v 0.111] A2p—F2p 
+ 950.5 |6 Sct |} 7.18} 7.9} V_ |41304.364 0.178 | A7IM—F20I 
—52 32.7 |Z And} 8.8 | 10.2] p M3lIb:ep + B 
—63 36.6 |RVb | 7.9 | 9.6] p |29401 67.5 |F7—F8 
—45 24.0 |RV 8.7 | 10.7} p |28015.51 64.727 | A7Ib—G2pe 
—54 30.2 |RCB | 9.1 | 14.5] v K 
+36 47.3 |Z And} 9.2 | 11.8] p B1—B9Veq + KOII—M4 
—7202.4 |RCB | 9.6 | 15.2] v R3 
+28 10.2 |}RCB | 5.71] 14.8] V C0,0(F8pep) 
+66 48.9 |Z And} 8.8 | 11.8] p Gep 
—5107.0 |RV 926) 12:1) ip» |30220 143.5 |GS—KO 
—32 31.3 |6 Sct | 7.82] 85] B |37186.365 0.115 | FO—F5 
—46 32.9 |RCB | 9.3 | 13.0] p R8 
+2151.8 |RVa TAS OVKITIB (1.35052 75.461 | F2Ibp—K4e 
— 542.6 |RVa 4.45} 8.2] V_ |32078.3 140.05 | GOlae—KOIbpv 
— 3809.7 |RCB | 83 | 16.5] v C(r0) 
—1900.1 |Z And} 9.0 | 13.9) p P 
—33 31.8 |RCB | 6.0 | 15.0] v GOIpe(C 1,0) 
+29 39.9 |Z And} 9.3 | 13.4] p Bep + MSIII 
+50 13.9 |Z And] 64 | 8.7] V 97 M7IIlab + B 
+35 40.4 |Z And} 9.0 | 11.6) v 
—55 44.0 |Z And} 6.5 | 16.5] p F5ep 
—48 12.6 |5 Sct | 7.93} 84] V_ |41599.999 0.147 | A6—FO 
+12 36.3 |Z And} 6.0 | 9.4] v 830.14 |WN6 + MI1—M3iII-II 
+48 47.6 |Z And} 8.0 | 12.4] p M2III + Bleq 
—41 35.7 |6 Sct | 6.78] 7.5} V_ |38636.617 0.054 | A2V 


EA eclipsing, Algol type 

EW eclipsing, W UMa type 

CWa cepheid, W Vir type 

Le irregular supergiants of late spectral type 

RVa RV Tauri type with constant mean brightness 

RVb RV Tauri type with varying mean brightness 

6 Sct 6 Sct type, pulsating stars of spectral class A and F 
NL nova like stars 

Z Cam Z Cam type, UG type variations with standstills 

Z And Z And type (symbiotic stars) 


semi-regular, late spectral class, strong periodicities 
semi-regular, late spectral class, weak periodicities 
semi-regular, late spectral class, disk component stars 
semi-regular, spectrum F, G, or K 

RR Lyr with sharp asymmetric light curves 

RR Lyr with symmetric sinusoidal light curves 


R CrB type, high luminosity stars with non-periodic drops in brightness 
high luminosity stars of spectral classes Bpeq-Fpegq, irregular variations 


TYPE OF MAGNITUDE 


photographic magnitudes V 
visual magnitudes B 


photoelectric visual magnitudes 
photoelectric blue magnitudes 


SELECTED QUASARS, J1998.5 H75 


fs 
hemes Chuth  4de Jy 

UM 18 005 15.6 + 5 23 40 0.17 
$5 0014481 0 1702.9 +81 34 39 0.61 
PG 0026 + 12 0 29 09.0 +13 15 35 
UM 281 0 5057.9 — 10313 
PG 0052 +251 0 54 47.3 +25 25 10 
DHM0054 — 284 0 56 20.9 —27 44 15 
UM 294 0 58 20.0 + 04045 
PHL 957 1 03 06.6 +13 15 48 
PKS 0106+01 1 08 34.1 + 13431 3.730 2.04 
UM 100 J AR SSS + 25704 
Q 0122 —380 24 13'3 —37 44 52 
Q 0130 — 403 1 32 57.9 — 40 06 56 
UM 673 1 45 12.8 — 945 39 
UM 141 1 49 14.1 + 15657 
UM 148 1 56 31.3 + 44510 
UM 154 201 55.1 + 350 16 0.01 
NAB 0205 +02 2 07 45.2 + 242 30 0.002 
Q 0207 — 398 2 09 24.5 — 39 39 16 
UM 402 2 09 46.4 + 03249 
UM 678 2 51 36.8 —22 0041 
UM 679 251 44.4 —18 14 26 
Q 0254 — 334 2 56 44.3 —33 15 44 
Q 0347 — 383 3 49 39.8 —38 10 44 
Q 0401 —350B 4 03 08.0 — 3457 12 
PKS 0405 — 12 407 44.3 —121150 1.990 2.36 14.57 0.18 0.574 — 28.4 O 
Q 0420 — 388 422 14.7 — 38 45 05 0.107 0.14 16.90 3.120 — 30.4 O 
PKS 0438 — 43 440 14.2 — 43 33 17 7.580 6.17 18.80 2.852 — 28.6 O 
3C 138.0 5 21 04.6 + 16 38 17 4.160 5.99 18.84 0.53 0.759 — 24.9 Oo 
PKS0537 — 441 5 38 47.6 —4405 12 3.960 3.84 16.48 0.52 0.894 —27.5 O 
3C 147.0 5 42 29.1 +49 5105 8.180 12.98 17.80 0.65 0.545 —25.1 O 
B2 0552+39A $155 24.5 +39 48 48 4.814 BIS 18.00 2.365 — 28.6 O 
PKS 0637 —75 6 35 49.3 —75 16 13 6.190 4.51 1S.75 0.33 0.651 — 27.6 O 
OH 471 6 46 25.4 +44 51 23 0.778 1.27 18.49 1.08 3.400 — 28.8 O 
MARK 380 7 19 39.6 +74 28 07 17.00 IRIE! — 30.2 O 
1E0754 +3928 757 53.8 +39 20 41 14.36 0.38 0.096 — 245 
PG 0804 +761 8 10 47.2 +76 02 58 15.15 0.100 — 23.7 
3C 196.0 8 13 29.6 +48 13 19 4.360 7.66 17.79 0.57 0.871 — 26.2 oO 
PG 0844 +349 8 47 36.8 + 34 45 24 14.00 0.064 — 23.9 
0846 +51W1 8 49 51.6 +51 08 49 0.258 0.25 1572 0.56 1.860 — 30.5 O 
PG 0906 + 48 9 10 04.0 +48 14 04 16.06 0.40 0.118 O 
B2 0923 +39 9 26 57.4 +39 02 44 7.570 4.54 17.86 0.06 0.698 — 25.7 O 
PG 0953 + 415 9 56 47.0 +41 16 06 14.50 0.239 — 26.3 
PKS 1004 +4 13 10 07 21.4 +12 49 23 0.420 0.64 HS 0.13 0.240 O 
TON 34 10 19 49.8 +27 46 22 15.69 0.37 1.924 — 30.6 
EX 1059 +730 11 02 31.3 +72 47 14 14.70 1.70 0.089 — 24.0 
Q 1101 —264 11 03 20.9 — 26 44 46 16.02 0.06 2.145 — 30.6 O 
PG 11144445 11 1701.8 +44 14 06 16.05 0.144 
PG 1115 +080 11 18 12.3 + 74629 15.80 1.722 — 30.2 
PG 11164215 11 19 03.8 +2119 47 eral7/ 0.177 
PKS 1127 —14 11 30 02.4 — 144857 7.310 6.43 16.90 0.27 1.187 — 28.0 O 


Code: O=Optical position, R=Radio position with an accuracy better than one arc second. 


H76 


Name 


SELECTED QUASARS, J1998.5 


Right 
Ascension 


PG 1138 +040 
Q 1159 + 124 
PG 12114143 
B2 1225 +31 
PG 1241 +176 


PG 1247 +268 
3C 2719 
PKS1302 — 102 
PG 1307 +085 
3C 286.0 


Q 1346 +001 
PG 1351 +64 
PKS1402 + 044 
PG 1404 +226 
PG 1411 +442 


PG 14154451 
PG 1416 — 129 
S4 1435 +63 
PG 1435 —067 
OQ 172 


3C 309.1 

PG 1519+226 
PG 1552 +085 
1601 + 182 
TON 256 


PKS1614 +051 
PKS 1610 —77 
1623.7 +268B 
PG 1626 +554 
PG 1634 +706 


B2 1633 +38 
MC 1635 +119 
3C 345.0 

PG 1700 +518 
3C 351.0 


PG 1718+ 481 
NRAO 530 
PKS2000 — 330 
20 05 +40 

3C 418.0 


PKS 2126 —15 
PKS 2145 +06 
PKS 2203 — 18 
PKS2204 — 573 
3C 446 


CTA 102 
Q 2313 — 423 


Code: O=Optical position, R=Radio position with an accuracy better than one arc second. 


hens |S 
1141 11.9 
12 01 29.1 
12 14 12.9 
12 28 20.3 
12 44 06.4 


12 5001.2 
12 56 06.5 
13 05 28.3 
13 09 42.4 
13 31 04.2 


13 49 13.1 
13931321 
14 04 56.6 
14 06 18.0 
14 13 44.8 


14 1657.1 
14 18 58.9 
14 36 43.6 
14 38 11.5 
14 45 12.2 


1459 07.1 
15 21 10.6 
15 54 40.2 
16 03 14.7 
16 14 09.4 


16 16 33.1 
16 17 36.7 
16 25 44.6 
16 27 54.1 
16 34 29.6 


16 35 12,3 
16 37 42.2 
16 4255.7 
LTO 2.7 
17 04 40.3 


17 19 35.8 
L7B25 7.5 
20 03 18.2 
20 07 41.8 
20 38 34.1 


21 29 07.1 
21 48 01.0 
22 06 05.4 
22 07 47.5 
22725142,5 


22 30 27.6 
PH) SIDR) 
23 16 02.5 


Declination 


OE 
+ 34729 
+1207 48 
+1403 42 
+31 29 08 
+1721 34 


+26 31 09 
— 54653 
— 103251 
+ 82018 
+30 31 00 


+ 00151 
+63 46 11 
+ 41601 
+22 24 08 
+44 00 38 


+44 56 31 
—13 1020 
+63 37 01 
— 65755 
+ 95858 


+71 40 40 
+22 2757 
+ 82237 
+1809 19 
+26 04 29 


4+ 45945 
=T7 19.05 
+26 47 22 
+55 22 42 
4-70 31 44 


+38 08 14 
+1150 00 
+39 48 47 
+51 49 28 
+60 44 36 


+48 04 18 
— 13 04 46 
— 325202 
+40 29 32 
+51 1853 


— 15 3905 
+ 65713 
— 18 36 06 
—57 08 01 
— 45728 


— 39 13 37 
+1143 24 
— 42 05 26 


0.330 


5.340 
1.280 


0.032 
0.710 


1.240 


1.150 
3.760 


0.850 
5.550 


4.080 
0.080 
5.650 


1.210 


4.220 
1.030 
4.450 
3.790 


1.240 
4.410 
4.240 
0.360 
4.070 


3.650 


19.00 
19.00 
21.00 


17.30 
16.47 
18.50 
16.60 
18.39 


18.80 
17.33 
19.50 


0.34 


0.80 
0.46 


0.65 


0.49 
0.29 


0.13 


0.44 


0.42 


—27.7 
— 26.9 
— 30.8 


— 30.4 
—28.1 


—27.1 


—25.6 
— 28.8 
— 27.0 
—24.9 


— 30.0 
—27.8 
—24.7 
— 30.6 
—27.1 


— 28.5 
—27.2 
—27.7 


Code 


eek s; 


(e) 


So CCC S 


ie) 


Right 
Ascension 


PULSARS, J2000.0 


Declination 


0.94295078486 
0.27244563408 
1.22294826723 
0.71451866398 
0.15638005591 


0.34072820672 
0.5489353684 
3.74549702902 
0.03313404075 
1.2458554349 


0.33492505401 
1.2444170726 

0.19567094486 
0.3749 1871098 
0.16675244661 


0.54719837196 
1.29224132384 
1.23812810723 
0.5454455279 
0.86487275 


0.53065995906 
0.08924726825 
1.27376417152 
0.75162112843 
0.43061431165 


0.66436112446 
0.253065068 19 
1.4365681929 

0.42244618669 
0.19710760818 


1.65643808033 
1.18791153608 
0.40052094651 
0.21647481429 
1.38244861210 


hem, s 
0031-07 0 34 08.9 
0136+57 1 39 19.9 
0138+59 1 41 40.0 
0329+54 3 S259. 
0355+54 3 58 53.6 
0450+55 4 54 07.6 
0450-18 4 52 34.4 
0525+21 28, 2a 
0531421 5 34 31.9 
0538-75 5 36 30.8 
0611+22 6 14 16.2 
0628-28 6 30 49.5 
0655+64* 7 00 37.6 
0736-40 7 38 32.4 
0740-28 7 42 48.9 
0808-47 8 09 43.9 
0809+74 8 14 59.4 
0818-13 8 20 26.3 
0818-41 8 20 15.5 
0820+02* 8 23 09.7 
0823+26 $: 26; 51-2 
0833-45 8 35 20.6 
0834+06 8 37 05.5 
0835-41 3 37-211 
0919+06 9 22 13.8 
0940-55 9 42 15.6 
0950+08 9 53 09.3 
0959-54 10 01 37.9 
1054-62 10 56 25.5 
1055-52 10 57 58.7 
1112+50 11 
1133+16 11 36 03.3 +15 
1154-62 DE Sh 15.2 -— 62 
1221-63 12 24 22.2 — 64 
1237+25 12 39 40.5 +24 
1240-64 12 
1323-58 13 26 58.3 — 58 
1323-62 13) 2H ANI -— 62 
1356-60 £3 59, 58:2 — 60 
1426-66 14 30 40.9 — 66 
1449-64 | 14 
1451-68 | 14 56 00.2 ~ 68 
1508+55 15 09 25.9 +55 
1509-58 | 15 13 56 -59 
1530-53 15 34 08.3 — 53 
1540-06 15 
1541+09 15 43 38.8 + 9 


*Member of a binary system 


0.38847933086 
0.4779896901 
0.5299062943 
0.12750077685 
0.78543998083 


0.17948389392 
0.26337677865 
0.73967789896 
0.15021718 
1.3688805090 


0.70906364986 
0.74844817748 


24 


40690 10.8 
43890 TLD, 
41794 34.8 
40621 26.7 


41593 
43890 


41536 39.9 
41994 50.9 
41351 56.7 


43555 
42881 


44124 34.3 
43987 8.7 
42554 160.8 


42554 


43556 


40689 Se] 
41006 40.9 
43557 111.0 


43419 


42717 


43892 69.0 
41708 12.8 
43557 147.6 


43890 
43555 


41501 ae, 
43558 130.6 
43556 323.4 


43556 


41536 


41665 4.8 
43556 B2a.2 
43556 96.9 


40611 
42710 


43556 283.0 
43556 318.4 
43556 295.0 


43556 


43177 


42554 8.6 
40625 19.5 
45042 235.0 


43559 


43890 
42304 


34.9 


1400 


190 
195 


197 


H78 


PSR 


155644 
1558-50 
1600-49 
1604-00 
1641-45 


1642-03 
1706-16 
1727-47 
1737+13 
1738-08 


1747-46 
1749 28 
1804—08 
1818-04 
1821-19 


1831-04 
1844-04 
1845-01 
1857-26 
1859+03 


1900+01 
1907+10 
1911-04 
1913+16* 
1914+13 


1919+21 
1920+21 
1929+10 
1929+20 
1933+16 


1937+21 
1944417 
1946+35 
1952429 
1953+29* 


2016+28 
2020+28 
2021+51 
2045-16 
2111+46 


2217447 
2255+58 
2303430 
2310+42 
2319+60 


h m 


15 
16 
16 
16 
16 


16 
17 
17 
17 
17 


17 
17 
18 
18 
18 


18 
18 
18 
19 
19 


19 
19 
19 
Ws) 
19 


19 
19 
19 
19 
19 


19 
19 
19 
19 
19 


20 
20 
20 
20 
21 


22 
22 
23 
23 
23 


Right 
Ascension 


13 
21 


31.8 


29.9 
48.7 
54.1 
28.0 
58.7 


44.8 
53°35 
13.8 
08.1 
47.8 


38.5 
53.0 
25.0 
22.6 
27.9 


03.8 
37.0 
49.9 
35.3 
24.3 


48.1 
ST. 
58.2 
08.5 
55:6 


Declination 


-47 


— 46 
~ps 
=e 
ahd 
-19 


- 4 
=14 
- 1 
— 26 
+ 3 


+ 1 
+11 
- 4 
+16 
+13 


+21 
+21 
+10 
+ 20 
+16 


+21 
+18 
+35 
+29 
+29 


+28 
+ 28 
+51 
— 16 
+ 46 


+47 
+59 
+31 
+ 42 
+ 60 


*Member of a binary system 


PULSARS, J2000.0 
Period P 
Ss 107!5 ss! 
0.25705572352 1.01 
0.8642020784 69.57 
0.32741728797 1.01 
0.42181611020 0.30 
0.45505464292 20.13 
0.38768879135 1.78 
0.65305047326 6.38 
0.82972364148 | 163.67 
0.80304971623 1.45 
2.04308 15106 2.27 
0.74235203333 1.29 
0.56255316830 8.15 
0.16372736083 0.02 
0.59807263930 6.33 
0.18933213477 5.23 
0.29010815629 0.19 
0.5977390 51.9 
0.65942849 5.2 
0.61220908 0.16 
0.65544511516 7.48 
0.72930163274 4.03 
0.28363867083 2.63 
0.82593368968 4.06 
0.05902999526 0.00 
0.28184027865 3.61 
1.33730119226 1.34 
1.07791915514 8.18 
0.22651715301 1.15 
0.26821490434 4.17 
0.35873624827 6.00 
0.00155780649 0.00 
0.4406 1846173 0.02 
0.71730676525 7.05 
0.42667678559 0.00 
0,00613317 < 0.04 
0.55795340728 0.14 
0.34340079150 1.89 
0.52919532782 3.05 
1.96156687985 10.96 
1.01468444504 0.71 
0.53846739454 2.76 
0.36824365392 5.75 
1.57588474427 2.89 
0.34943363975 0.11 
2.2564837049 7.03 


Epoch 


24 
42554 
43559 
43557 
42307 
43634 


40622 
40622 
43494 
43893 
43891 


43557 
40128 
43891 
40622 
43557 


44054 
42004 
42005 
42005 
42100 


42346 
42540 
40624 
42321 
42847 


40689 
42547 
41704 
43029 
42265 


45303 
41501 
42221 
42434 


40689 
41348 
40625 
40695 
41006 


40624 
42629 
4234] 
4389] 
41535 


i70 


OBSERVATORIES, 1998 Jl 


CONTENTS OF SECTION J 


EEX PLAN ALOR Y MO te Sete ee cree scenes ante NE aN eee Jl 
LERTEL ol WRG due ln creer ga mamta a! precinct Tecan Seen Bi MRM, ryt rat er ceri 7 sertt e ye 
STIs EIN OLR ae ep ea) Se REET Beko Semele SST ER RS RAT ARIMA ct IER Ne, 


Beginning with the 1997 edition of The Astronomical Almanac, observatories are listed 
alphabetically by country and then by the name of the observatory within the country. Thus, 
Dominion Astrophyscial Observatory is found under Canada. If you do not know the country 
of an observatory, you can find it in the Index List. Taking Ebro Observatory as an example, 
the Index List refers you to ‘Spain where Ebro is listed. 

Observatories in England, Northern Ireland, Scotland and Wales will be found under 
United Kingdom. Observatories in the United States will be found under the appropriate state, 
under United States of America (USA). Thus, the W.M. Keck Observatory is under USA, 
Hawaii. In the Index List it is listed under Keck, W.M. and W.M. Keck, with referrals to Hawaii 
(USA) in the General List. 

The “Location” column in the General List gives the city or town associated with the 
observatory, sometimes with the name of the mountain on which the observatory is actually 
located. In the “Observatory Name” column of the General List, observatories with radio 
instruments, infrared instruments, or laser instruments are designated with an ‘R’, ‘I’, or ‘L’, 
respectively. 


J2 OBSERVATORIES, 1998 


Observatory Name Loeation 
AOASUANANT Pats cosssrercreeccn sneer nceereesasne Georgia 
Albrahad de Moraes c...5.nccacscecctcscsessce Brazil 
Agassiz Station, George R. ..............00+ Texas (USA) 
RUT ATS EOEIK tks es ccczatas tas ercssnesrapaves suerte Argentina 
PATabatn a SUEY OF mccseccasc neck coos ccinanice Alabama (USA) 
Alpert? 226. SEATS Naess. eat 
Algonquin 
Allegheny 
Ver sRamon Mi ariate eis act csccs hacen Spain 
Anderson Mesa Station ...............0::000 Arizona (USA) 
Anglo-Australian ............0cc:eseeeseeeseeee Australia 
Anksdes; Unin(ofis2e0..5:44%4. 2416 oS Turkey 
Adifares 40-5 beeyc.ceetee. 28). ep bce Brazil 
PAP ACRE POM seagate gne tensa aes New Mexico (USA) 
BAY COUY oc Boece asic sacscccmnsanseacecucuaerncacapeecis Italy 
PSTCHIETANONG sec cseseceovsanstcene-snceuneceeseceueene Germany 
PATE OO. eae ccuccatecescstnsecevosi ecoeersisnesecces Puerto Rico 
Argentine Radio Ast. Institute .............. Argentina 
Arizona University, Northem ............... Arizona (USA) 
ATMARN Fisk Se igs sates United Kingdom 
ROSA as RO OE Rc clea Switzerland 
BATERUE Ss; DYER Sete tenes tacccexccnec cunt Tennessee (USA) 
PASTAS OM ne, eae Mae, Med aie Aes cca Italy 
Ast. and Astrophysical Institute . .. Belgium 
Astronomical Latitude ............ceee Poland 
PRICK ARG Were ec akateds susacieseraavecaqersastestess New Zealand 
Australian National.............. ... Australia 
Australia Tel. National Facility ............ Australia 
Bappury V aimu ice .cct. oc icctetsctescsncossscacesenste India 
Barros, Prof. Manuel de Portugal 
Basle Univ. Ast. Institute .......0.000.00.. Switzerland 
Behlénk «..6.2858 ad ... Nebraska (USA) 
Beijing (Branch) China 
Beijing Normal University ................05 China 
BSCSANCOM er sccasecusnasevaaecavarnanes ... France 


Bialkow Station Poland 
BB 120 BS CA cia os ca ceca sachs conc snuetavoaansa-nansas California (USA) 
Black Birch Station ... ... New Zealand 


B Tack MOSH anno oy cciesanecsesccscctscecssssusse Pennsylvania (USA) 
Blue Mesa: Stationten «ects occ ccdevscuvascnts New Mexico (USA) 
Bochum .... .. Germany 
Bohyunsan Korea 

Bologna University (Branch) ............... Italy 

Bordeaux University. icisisscccssesssosssrvsets France 

BOSSCUA cree scccsacgnsvessavsarstcstasesssecausvsaxcvanxs Indonesia 

BS GOV GEM cose access case svetetascneccthenstdssxxesieness South Africa 
BUTAGIGY teow casts ccats rans ertiastacacescntenterben trance Georgia (USA) 
BGra@ MULAN iccacscrtraarcankathecetrcrevasssratess Italy 

Brevard Community College ................ Florida (USA) 
BUCHATESt fsccccss ccissveseccusenscvaevassushveysenekese Romania 


Capi al eee pecancescaunerantcaaceetteencesvaceasereiastt Venezuela 
Wa Qh anl Ficcsccueccoectats asses erseeneraceencemneanee Italy 
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Observatory Name Location 
Calar Alto Mountain «ooo. eteesces Spain 
Caltech Submillimeter ....................0.-- Hawaii (USA) 
Cambridge University ..........---.-..:1++ United Kingdom 
Canada-France-Hawaii Tel. Corp........- Hawaii (USA) 
Caaatnnal oo cssce- co. Sivas cssunassnqesaesesnesspsenees Switzerland 
CapillaiPeaks trd..$. ts ccdntcn henttsmenet New Mexico (USA) 
Capodimonte ts Faas. nngteatoeace cette. Italy 
Carlos. U. Cesco Station, Dr. .............-.- Argentina 
MATTE NS ccs to Rik nscp cc csaee oamcassagten natu’ New Zealand 
Catalina’ Station: <.o...c.sacaecrtaeeessteceseeecess Arizona (USA) 
OPE TM dos oe oe es Meebo cic Sree ee Italy 
Catholic Univ. Ast. Institute ................. Netherlands 
GE Kenneth Mees 2:02 S63..2< New York (USA) 
CBM CS erate kere ae Hawaii (USA) 
Central Inst. for Earth Physics .............. Germany 
Central Michigan University ................ Michigan (USA) 
Cerro Calan National 12. 2cn..ceccsssoeeceresee> Chile 
Gero El‘Robléet!.. Gs... Soa Chile 
Cerro Las Campanas ...........020:.00e0ee Chile 
Cored Ra Sila ws cocsccateetce etter, Chile 
Cerro:San Cristobal ...1 Beatissseene: Chile 
Cerro Tololo Inter-American ................ Chile 
Cesco Station, Dr. Carlas/UUG.........0:. Argentina 
CFH Telescope Corp. ... .... Hawaii (USA) 
OT ANOE ce nee cans steric cckcce ti cacaser niente Califomia (USA) 
Tram DePEBN cs cncscsccdececuck caus co rtecscr etek Colorado (USA) 
Chaonis ....... TR HE ret .... Italy 
Charles Univ. Ast. Institute ................ Czech Republic 
GHEWSHRTA BES. sstrncssscas ouuentnenees California (USA) 
Chilbolton .... ... United Kingdom 
CCNA SSR. coc ccacaccath ome Ohio (USA) 
REY oe BFR Sons cscscnchancae tess cveaspzaane United Kingdom 
Climenhaga .. ... Canada 
QIU Nanas <crsacsssscteanceeesarsseptecccaent Romania 
Clyde W. Tombauent ccntaracosccntee Kansas (USA) 
Coimbra ...... : .. Portugal 
COTES cas vccgncenasnastotoratectnncoasastescerneatenens Belgium 
COU rane saicc.ccastssixtssnatencccersereneeuseee Italy 
Connecticut State Univ., Wester ........ Connecticut (USA) 
Copenhagen University «00... Denmark 
Copernicuss NiGholas «sce istesescceesscscs Czech Republic 
QGrdo oan. SOs cocdccataneerronrtneces Argentina 
Garralitas: 3S AMRF kis ee trerwtaceers New Mexico (USA) 
GBBte TA ZU ER 2iscdon cc act eet extes tess France 
CHANG AZENOS sod coyaseosedatteraterrcstoscnnene Kansas (USA) 
Giawiord Bll < cscanrasaee tc New Jersey (USA) 
LGiyhs 11-1 Wear ese dtereecen ceeree ete eeee ea eee Ukraine 
DOSER ase rnctunaeercen keen geckesoces aunts 
Damecuta 
David Dunlap cisencceovsssnsccthctasseneasscosturoee Canada 
Dearbom ... lilinois (USA) 
Deep Space Station Australia 
Deep Space Stationi-..ossmoneasnseccnars Spain 
DEVON eis Sone eeva ce ornare Canada 
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.. Colorado (USA) Grant OsGale pee es Iowa (USA) 
Argentina Graz, Univ. of ..... ... Austria 
Japan Greenwich, Royal United Kingdom 
PD OmMntO Reese OR oo osc caccssnaucacss Canada Grenoblesi.cs-. verbs gasg ee ee France 
Dunlap sDavid yi e082 coos wcecsetsacaacsscsors Canada Griffith ...... ... California (USA) 
BAUS 60) 6 ese at ere ke GSFC Optical TestySite ee. .c.ccsscscuyaceee Maryland (USA) 
Dwingeloo .... Guillermo anol vente ccrsctscssecsasoe Mexico 
Dyer, Arthur J. Gurushikhar India 
| SOS COE ry Sty eC ee eens Spain Haleakala co tenets. costetsesncbcacdceadies Hawaii (USA) 
Ege UWnivensitys Bese Peake ne os. .c.c. Turkey Hambureeticcieerrt. ... Germany 
| ESTAR Cy 0PM ROG Oy coco eR ee ee Germany Hard Labor Creek Georgia (USA) 
Lave TTAVECSS Fall soy pani oa: ARPES cee teeter Canada aro, Guillermo seh oe eee: Mexico 
El Leoncito Ast. Complex ...........:0:00+ Argentina Harte beeshoekserrrege tees cusarccsnesas-cce South Africa 
ngelhargt rei suse tte ates scsi jeozeswcseseens Russia Hartung-Boothroyd .............ccccseeceseeeeee New York (USA) 
Erwin W. Fick Iowa (USA) Harvard-Smith. Ctr. for Astrophys. ...... Massachusetts (USA) 
European Incoh. Scatter Facility .......... Finland |G ETOCS (aad Greta toss osc Re BRR TPE ces California (USA) 
European Incoh. Scatter Facility Norway Haute=Provence; ODS; Off :.:.....s.cssss0.---s France 
European Incoh. Scatter Facility .......... Sweden Haystack: <.---..ateten beaters nce eaa es Massachusetts (USA) 
EuropeanjSouthemis.s.........<c0...dees-- Chile Heliophysical tucecisic$ .ccseccces.vtdegeecetcrens Hungary 
Rael Sink, WinivaOty rete. ccccc--p-eastraaeeeea- ace Finland 
Fan Mountain Station . .. Virginia (USA) hela aerepacset seston 2c. oscchesssceccekee cnens Egypt 
RélixcA cuilatns Wag. ces annegs! Argentina ELIA Rez seecsts vis. We RO ORE ag hia add ces ccascce anes Japan 
Fernbank sera re at ci iihsacteeecsesssna.s Georgia (USA) UI SHWAL DING 5 aa eres ee ee Switzerland 
Fick, Erwin W. . .. lowa (USA) Hiraiso Solar Terr. Rsch. Center .......... Japan 
Led ed Oy ecco Ene 2 eR as See Austria Hoher Weiss 22 secret A. -ccescescces-sserecesns Germany 
New Jersey (USA) Hopkins: ..:gepettes eto ececocsecenenncegeansenes Massachusetts (USA) 
.. Massachusetts (USA) RAV al sete tes ... Croatia 
Australia Hydrographic Japan 
Florence and George Wise .................-- Israel 
Florida, Univ. of .. Florida (USA) Incoherent Scatter Facility ........0....... Greenland 
Flower and Cook Pennsylvania (USA) Incoherent Scatter Fac., Europeai........ Finland 
Foerster Wilhelm. cscs sectats.s-cse-<se nes Germany Incoherent Scatter Fac., European........ Norway 
Fort Skala Station ... .. Poland Incoherent Scatter Fac., European......... Sweden 
SOStE Ty Manel eer... -c:-ccn;tsxcnoccesseis Chile Institute of Astrophysics .........cccceeee Tadzhikistan 
FranklintInstitute; The\..4 deescsevieees0.s0- Pennsylvania (USA) Institute of, Geodesy io. sc.c:.cecscesecsszeses5 Germany 
Fred Ib. Whipple; .az.tt....-..:- .. Arizona (USA) Institute of Radio Astronomy ............... Ukraine 
Friedrich Schiller University ................ Germany International Latitude ..........0.cce Italy 
ISIS ANELS (aU OM saat acsseccesonesersrensetm sect Japan LO Was WUBIN? 1 femreneeeites ontarssccenetessicrcesss Iowa (USA) 
Irkutskysts<..segeeepest-+:,: ees er Cae Russia 
ales Gran tO set ee chs dari ceoviscesssancess Iowa (USA) Istanbul) University scrivc...:.....s-+-cceasersees Turkey 
Gratin biG art tamicere A ve.cescenecssescsnsvenseras India Etapeting aeetaetens.t stcse<s.ceasussepsasvesciss Brazil 
Gene Vials. Fete rteae piss eectys cies .. Switzerland 
GeodeticaluFacubty je ..-..c-cccssvecseceesonseeze Croatia Jagellonian University ..............:cee Poland 
George R. Agassiz Station ............2.: Texas (USA) Japal-Rangapur India 
George R4Wallace dt. <<. ssvesevsavasszersss Massachusetts (USA) Javan Station... Sweden 
George Wise, Florence and ...............-.. Israel Velmi Mountain ieestretey <sfiecsspesrncsis.acseosaces Wyoming (USA) 
German Spanish Ast. Center ................ Spain Ore MB Bik. Byars ee ssaes sesecncaesepsangeneess United Kingdom 
Glas Sows UNiNs Ofigesepc.-+:scszercrzsoeasecscesss United Kingdom Joint Astronomy Ceutre............ ... Hawaii (USA) 
Goddard Space Flight Center ............... Maryland (USA) Joint Obs, for Cometary Research......... New Mexico (USA) 
Godlee peste eeertert eaten cescesecennsccseseceassnts United Kingdom Wun fraiyj Oh yg rx cecaeascte cseracsspucseceenrssvsee Switzerland 
Goethe lin ky er tert de acess: sctssesceesszsestsisss Indiana (USA) 
Goldstone Complex .............. California (USA) Kagoshima Space Center....... apeiron Japan 
Gornergrat North and South ...............-+ Switzerland Kaliningrad University ............00c00 Russia 
GOttingen University ...........-..:ccee Germany K arial i eeerecaschape ts -ssnesenenseeanennsisereses Turkey 
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Kanzelhoneg ts Pi aiaaiecirecnteaciave: Austria 
Kapteyinti ss: eet, cdi caaessecesisrerivasscccs Netherlands 
KarliSchwarzschild ts} conte Mavtec.cesacresess Germany 
Kashima Space Research Center .......... Japan 
Kazamniniversity ais iiccccse cessaceteztaccie Russia 
Rech ree, sonsoeessetenaierdavssat Hawaii (USA) 
NennethiMeesh GB ievscccsctcctiveasteentsivs New York (USA) 
Kharkov Universit yis. cc scsicscssescacsssescoess Ukraine 
Kiley Univ Ostby pertain eeu szeeacsenieaseeeccce Ukraine 
KiSO ict Rie Rian teees saseeasasesccevaess Japan 
Kitt Peaks Nation alien d.coiscccsecristecessvasrvsie Arizona (USA) 
KittiPeaksS Cation meee. cscs sdecssecexcsssceiseece Arizona (USA) 
Kodaikanal ,.. SWaGGS. <cccaswacaccsines: India 
KonigstGh lent Q80S. scccsissavarcinse Germany 
Konkolyp ie uk Pons sereenescrsazeteseeviveeas Hungary 
KOre aR eee Sc acseccsd tie cdevoreeaces Korea 
Kottarniats, Ma iiG cbvssccisocssscasscccteassers Egypt 
Kryonerion.... Greece 
Koiine rere taadtcectesossctees ss Austria 
Kutztown cc ees ciara he ie Pennsylvania (USA) 
Kvistaberg .... .. Sweden 
K.wasatts..c Sc cAas, ssesesccceciseesetnectssevs Japan 
Kyoto University aiitccccciccctecearscctcxcssatts Japan 
Vaddiiss.5..c: Sa SERS Rhode Island (USA) 
La Mariquita Mountain ............-..0.06 Mexico 
LawPlata ren Senet. ccaiigecsctasertennssaestt Argentina 
Las: Gampaniasn sient taeittvetsscrercses Chile 
Tea:Silla' Station eae escrtecdeccterssossencee Chile 
Meatitude setae sos cissc cosas cesta cesnescteovscee Poland 
Latvian State University .............:0000 Latvia 
Lausanne WUnivaofeiivic.c tee eects. Switzerland 
Leander McCormick /.....0000:e Sines Virginia (USA) 
Leiden ise eee asin RAI Netherlands 
Leidéni(BYatich Wott scciveccssccccsccsnsteas tet South Africa 
Leaschnieric Sere sececscsiasssisravaiscaasias California (USA) 
LAB gli: Seed, ctea dass AO Austria 
Lika, Bevcese aia veoness eibeatasteasvacevadssstteinnctiass California (USA) 
Litt; (i Geta RIN, excused éstzerscencteraxtens Indiana (USA) 
Lisbon Ake Rae. estartiaeesttonaats Portugal 
Liao del atone acts isessasticcavanvaissesss Venezuela 
LOHEMANN. oie. Mer Weed etverssesevatengesrntins Germany 
ovphickviSilt neers iietacmicacscans Slovakia 
London» nivwoitaet pawn erste. cer. United Kingdom 
Lowellegar..uo ... Arizona (USA) 
Liultidincdes iy ci, MONE Sasstrscrerniescioesects Sweden 
LURE) SRR stennaicanca Hawaii (USA) 
Lustbihieleh.e: JF 4 cccstnvecaxaceens Austria 
LVOVUTMIVERSI CYR SRE: scirnverssetcstsveerannacte Ukraine 
Lyon University 207G. d.wawareetcsntc France 
Michearirenciscischcccscccdevass ecesuachocereecaeeottn Nevada (USA) 
Maat ....secssesncn0 flee leverasexsanatenssnes Oo Ukraine 
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Manila s ne? ccrcncncaveeine Philippine Islands 
Manora’ Peake testes scexccsocsevs tert India 
Manuel de Barros, Prof. ... .. Portugal 
Manuel Rosterarctteiss-2/--huesstenertenastere: Chile 
Maria Mitchell Rie. s.csesiecescseresczenesee Massachusetts (USA) 
Maryland Point ....... ... Maryland (USA) 
Maryland SUniv Oi: .<ccecsccecencasssteeescee2 Maryland (USA) 
IMaiia#ea te PNR 2 ee eis yeevecnsecancte Hawaii (USA) 
Max Planck Institute .. Germany 
McCormick, Leander Virginia (USA) 
McDonald....int tence? Texas (USA) 
McGraw-Hill ... ... Arizona (USA) 
Medicina, 2, erie! ccna Italy 
Mees, C.E:KeU S82». ccstecssicccsaxeres Hawaii (USA) 
Mees, C.E. Kenneth... ... New York (USA) 
Melton Memoriall.:. «....::c000200..00s0cecs0000 South Carolina (USA) 
Metsahovii cic. ae eee csceccncsssanceteecnens Finland 
Meudon......... az : ... France 
Michigan State University ............2.....- Michigan (USA) 
Michigan University, Central ............... Michigan (USA) 
Michigan, Univiofves.,cc-ccoucessenes<<rece+0 Michigan (USA) 
Millimeter Radio Ast. Institute ............. France 
Millimeter Radio Ast. Institute ............. Spain 
Millimeter Wave 2 et ccsscccasncassewcesoncsses Texas (USA) 
Mill getce Sf oteed BRS, oie ceagcceccceteatecsicenss United Kingdom 
Millstone Hill Atmos. Sci. Fac. ............ Massachusetts (USA) 
Millstone Hill! Radar «.c:ccc0cccccesccssseescesces Massachusetts (USA) 
MIRA: Oliver! StaGOnwencterccccccnteen California (USA) 
Mitehell, Maria 34+. 3. cass scone casttetsesss Massachusetts (USA) 
MEZNSB War si. cance ssrzcrerecleesaess, See Japan 
MMT (Multiple-Mirror Tel.) ................ Arizona (USA) 
NY, Co) C0) bd CO a ee Australia 
Monte MBntoriatictees ccssevasssaesetterercetenes Italy 
Montevideonc. SoG, sscssccesscssezsccccattents Uruguay 
Mont'Mégantic net siccs.csscapatinecs Canada 
Moret RY et SF ccssoscadeceeersiceces Kentucky (USA) 
Moraes, Abrahao de ............:sccecceeeeeee Brazil 
Moreheadiin een’ secon sactiextr tee North Carolina (USA) 
Morrison tiess. Seta Rites cree ccztessctis Missoun (USA) 
Morro: Santana aitietntttssooasascccscnntonss Brazil 
Mountain) nc an ietkcsssanssctvtecssncernce Kazakhstan 
Mount Aragatz .... .... Armenia 
Mount Bigelow Station .............ccccees Arizona (USA) 
Mount Bohan sescssecscssseuccsccarnes 
Mount Chikurin . 
Mount: Gubatines ic acsininsanccant 
Mount Dodaira (Ae Misscscnsccnc cee 
Mount Ekar. i... S888 assesses. Sete 
Mountie vans) 220 St x. sssscrsascctnesscsetsaccxs 
Mount Grahani (28%. sstscacssaes eee 


MountiHopkins is ik. ssssccseesecccseetiee Arizona (USA) 
Mount John University .............0....0000 New Zealand 
Mount Kanobilintnt sccccscsrcesce. te Georgia 


Mounts Kil limi Petrone cossssexescasxcestenexees Greece 
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Mount Icaguna ta... eae eee California (USA) Onsala Space eth: MAMET bc aceereees, Sweden 
Mount Lemmon Arizona (USA) Ooty (Ootacamund) ...........cccecsseeseeeeee India 
Moun iocke i ..isces ccc ee Texas (USA) Ottawa Rivero... eee: Canada 
Mount Norikura ... ... Japan Owens'Valley <2. ences California (USA) 
Mount Pleasant Australia 
Mount Stromlo Australia Pada atercits ccscoese sara: ax cette generates Italy 
Mount Valongo ... Brazil PAB aSaectin cecsceewedgcste ee ee Philippine Islands 
IMOUNIWiall SOM ee eitteccccnecssesedssccssssees California (USA) Palermo University .... ... Italy 
Mount Zintinscateesttte rates res Israel Palomar’ cficctcecccxc eR kee California (USA) 
United Kingdom PATISRE Serna teeta artttcie ote eS France 
Multiple-Mirror Telescope (MMT) ...... Arizona (USA) Pasterkhov Mountain ... Russia 
Munichite oe crete streetcar Germany Perkins 410k en ee Ohio (USA) 
POTthh vitniccsceen tesccne ee eee Australia 
NagoyatUiniversity 220. -s.cecrstcsstsescscesees Japan Picidus Midi wsacecsetee ee eer eee France 
INASSAtRP AR ACM ccc sciccon erence estee Ohio (USA) PicodOs Didsjccccotet ee eee Brazil 
National Central University .................. Taiwan Pico Veleta ica. acxccmter tees Spain 
INationall@OSM: 2..accsre--sacestieenee ee Brazil Picdade-aeyseeteak oetre eesti settee Brazil 
NatronaliOusnsrt eae toccncn chee. Chile BineBlufh onc. ee ee Wisconsin (USA) 
National Obs. Columbia PIWTiCe ince erect tee eee Poland 
NationaliQ@DsWar sccceccssersesscecene nssicececeers Japan Plateaurde: Burete nies ceem renter ee France 
National Obs tintevscseeetesenacsonn cceccneecerss Mexico Potsdammtarrenten nreitccsscencrccomeetee ree Germany 
National Obs. ................. ... Spain POZNAL ONIVERSICY cree steccsest-caerecnetooter se Poland 
National Obs. of Athens ............002.0.0. Greece Prof#vanuelide!B atros rere eee Portugal 
National Obs. of Cosmic Physics ......... Argentina PT OSUG] OV tac nrecccssereetee seen Czech Republic 
National Radio.................... ... Arizona (USA) PulkoVotrtee ... Russia 
INatiGrialWRadio ian crente. tc eteticccssccnsceeetecs New Mexico (USA) Purples Mountaintees...c-cccetce-ecte tere ceerers China 
National tRadionernt secrete theese West Virginia (USA) 
National Radio, Australian ... ... Australia QUILO ce ee eee ee Ecuador 
INatwOnialtSokatiice.vercsicrsrrescostestuscnctetnessts New Mexico (USA) 
INaWal Hees ete ticneacortatte es ertonc tercecettes Argentina Radio Astronomy Center ..........0..0.0008 India 
Naval .. ... Spain Radio Astronomy Inst., Argentine ....... Argentina 
Naval Research Laboratory .................. District of Columbia (USA) Radio Astronomy Institute ...........0.0.. California (USA) 
Naval Research Lab. (Branch) ............. West Virginia (USA) Ramon MantacAllereiccs-ccsst. ccscosesaees ses Spain 
Naval tUsSttrsirertsvetreceet sec rence cece .. District of Columbia (USA) Rattlesnake Mountain..............0::0000+ Pennsylvania (USA) 
Naval, U.S. (Branch) Arizona (USA) REMEIS ase cnec ccnee etree memes Germany 
New Mexico State Univ. (Branch) ....... New Mexico (USA) RUD as cercstters aeatarresestertecrecqutamente stasteree Latvia 
IN ice RRDA Rta ee tei tense sce cncenentonenes .. France Ritter tncntnctiecsie ee ee ee Ohio (USA) 
Nicholas Copernicus Czech Republic Riverview Gollege tre icrc:.cccssceseseccserevecrs Australia 
INIKOIACN PM csptetevccrssceastssesesuntdestuesedunptes Ukraine ROME Macro rch cpecemcteresecmmesnt tere ee Italy 
Nizamiah ... .. India Ronier Olemaencmcress ease Denmark 
INODE Valle wert uesratrcerecttseoctrcccrcatenstses Japan Roque de los Muchach0os ............00.00++ Spain 
INOVUKURa eee aviccse sacks ezere-ersesscracesesentanters Japan ROSCIN ALY bAlerccerccsscerasecsatanntrnrstavesees¥s Florida (USA) 
Northern Arizona University ... ... Arizona (USA) ROUING ytiemetser ess orsrcetateereececc trees Canada 
INOfthi GOENCEOTAG tires -esccerscactucscassrneyee sore Switzerland RoyaliGreenwichicwseccretrtarst ters United Kingdom 
North Wntbekty etc ctrtersss she torent soreraveon Iowa (USA) RoyaliOvs iirwccsmredserestectacset arccesntunss Belgium 
Nuffield Radio Ast. Labs. ........cc0000 United Kingdom Royal Obs. Edinburgh it.i.7..cctccrsssseccess United Kingdom 
Royal Obs. Edinburgh (Branch) ........... Australia 
BERS Se eeree ens ceeeceicsersntvtsssoesesscrre Massachusetts (USA) Ritherfurdteerneccmerstecco star ccnet New York (USA) 
OY BHENUE atti ite aoetiecicessasacese Minnesota (USA) 
OES Satarsteaees voreG TONS. sae sseeceuscseneessarer Ukraine SAgamOrecPIM ripereessstctssscesctscerseeeeests Massachusetts (USA) 
Ohio State WMiversity, ceveresscctarccasrsonczs0 Ohio (USA) Saint Andrews, Univ. Of ..........:.:00000 United Kingdom 
OK ay amiable setetescvertrevettescs seen: <ovaassevacsesctas Saints Michelipraacdemecseerssct= .. France 
Ole Romenes ccs. Saint Petersburg University Russia 
Oliver Station MIRA erc..1s.scssvesnteae--+e-> California (USA) SANWBOKTANGO grexeterscrcersccasseectnsevocretnere® California (USA) 
ONGT EJ OM Presa tee treseh = otras recsessescserzasesaene= Czech Republic SHE NOES Fe cee pecs ee ereererbentty Italy 
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Satellite Laser Ranger Group ............... United Kingdom Toyokawa Japan 
Schauinsland Mountain .............:.000 Germany Tremsdorf . Germany 
Schiller University, Friedrich ............... Germany 9 (1 (meee pcre ar peneh Pe EPRI Italy 
Schwarzschild Kaslovxetscrces, ceeesses:. Germany Mubingen) University: cvevcenacy-cssec--r--en2-0 Germany 
Seer at aespeseisrstersesetes eos sce aanstoencanestones Japan Tumamoc Hill Station ... Arizona (USA) 
SerrailaNave Station ..ctssts.:-..--ccscenr> Italy Tora sss ssepsacs sss. seat secsssectesesnsesverasecnny Finland 
ShaanxXthes re Meprwatts Saye eeseesnsseseves China TUs imine etasigus esnvee taov Sn ot seoee snes Italy 
Shanghaii(Branch)isassercseee-cs:e-<--.ses,:- China 
Shat Jat Mass Mountain .............:0 Russia Wluk-Bek: Station se.c7erg eer ore Uzbekistan 
Shattuckeaec.s5. etecepsssseseageeees rerssven sees New Hampshire (USA) LOS CCR Peet Pee ht Aen ep EET Austria 
Siding Spring Station .... Australia Wr AaNitie ke. psek eee rapes ... Hungary 
Simon Stevink Seen artes viasiece Netherlands U.S. Air Force Academy .............---.008 Colorado (USA) 
SKalmate Peso. x. ccpbiite ssi ace redenccesates Slovakia WES Nav alse en eee ites non icoyekacess District of Columbia (USA) 
Skibotic! med te eee: ... Norway U.S. Naval (Branch) .. ... Arizona (USA) 
Slovak Technical University ..........0..... Slovakia UttarPradeshiS tate nics .secicccsacerasen-e India 
Sobaeksame cs o7.cer pte hus, fcciceseaces Korea 
Sommers-Bausch . Colorado (USA) Vain, Bappui ccc: s5e-eccspeenssgt--nnc-coteeseaces India 
SOMME DE Be ey cos tassascc a Shs cnncenstopconras Germany ValaSsk6: Me@ZiTiGh 25:ccreagetcpetscs-escacscseserts Czech Republic 
Sonnenborgh os scr tems eytencssccoseseveors Netherlands VAlON 20 janes eu cnep puesta eee cans aassesaseec Brazil 
SOuthPA Goi CAaM ey ooscec anceps cases sea csee sxe South Africa WAnt VC CK As. at one ic ce wp Connecticut (USA) 
SouthiBaldyjPeak esas ge conse os coves ns: New Mexico (USA) WatiC an oct m os wt er ee nese cesay case Vatican City State 
SouthiGarolina, Unive0f. c.soecc-cccssevereves South Carolina (USA) Waticani (Branch) pesca ace cscs sacceees Arizona (USA) 
SouthiGomer erat eggs reehee-szenncesesntenss Switzerland ‘Vienna niversity, 5 ci. tees once stencenes Austria 
Special fn: eee wee ee acest ean va Lee esess Russia Villanova University ...........0:1::0:::eeee Pennsylvania (USA) 
S Pru grease ass spencers cats sicavsscdey anaes Pennsylvania (USA) VBL AUS feces cep eect sagas ceucda ous ants vcenedias Lithuania 
SRI (Stanford Research Institute) ......... California (USA) 
Stanford Center for Radar Ast. ............. California (USA) Wallacetne George Re Sores csc --scsercs Massachusetts (USA) 
State 32. issecjssiveeaceetecs tarps -csctvesnevisones Germany Warner and Swasey (Branch) ............... Arizona (USA) 
Stephano st ing eiccees enieccspce seers Greece Warsaw Universit yaar saccsacassssccecvecseeness Poland 
Sternberg State Ast. Institute ................ Russia AE ST Eee eee re Seenay ane oat Wisconsin (USA) 
SEV 11 eS OMe eee eee Bete ccs scacieeas Netherlands Wendlelstein: 4 sn cede cows asc Germany 
Ste wWardig fi see othe REA coc crivsiuiedvaee Arizona (USA) Wiestesbonk: ie eased, cee srtee de anscucesecte Netherlands 
Slockepticcsossccessstexsitergiepat-cscsssseucacnesss Germany Wester Connecticut State Univ. ......... Connecticut (USA) 
Stockholinyy. srs comes nectsh ccs vuancnaste Sweden Westford Antenna Facility ................... Massachusetts (USA) 
Strasbourg erence peace. sccviescesnce France Whipple Pied: laetsfre peniecct.cucescscans Arizona (USA) 
Straw brid Seige -crccorscerase ten reccsptuaesessss Pennsylvania (USA) WIR crac Bir seat ate tee eerie Massachusetts (USA) 
Stives Wilhelm & tegen Wascisvctiasssscass, Estonia Wilhelm Boerster nya. caceateinscssccestcoet Germany 
Submillimeter Telescope ...........::c005 Arizona (USA) Wilhelin Struve ase acca ethesss orcsevvenseees Estonia 
Sugadaina'Stauiont.. ics ctastacscssavastecce Japan Wise, Florence and George ..........:0000 Israel 
Swiss Bederal ia... seeecccaatthessescayssssveescs Switzerland WEME ReGKiwcc ee, corn presi ted Seca Hawaii (USA) 
SV racuseyW MiVensitye cece seescucee New York (USA) Wroclaw University. susyateten tir: .-cvencs Poland 

Wuhan gas cpca cosas suteasiearovcatns sone cane China 

Mable Mountain Geen sh asecatitenicussverc ccs California (USA) WYOUUN gS acchateete car ecaii con Sox. scoesns Wyoming (USA) 
Tal Pe lige eta eee ee eta scni kiss scans Taiwan 
TASHK OM tape erccaseiercoapasseeten Ea caveveeaicesiveis Uzbekistan OTK eS sean seperate vemasnaa vas sceneasscacneus Wisconsin (USA) 
MING Teck copph ans rat OS Peete ave mn ers onsen Spain Yunnarasiaiatacc send aah. coacessters sees China 
Thessalontki Wnivand fee ks csvsrcdsacs, clean Greece 
Thompson Aver tyidursrct usa lfescsccssccemenss Wisconsin (USA) ZONAS GAN Cease caete vincent se kev ceccstscs 7s Kansas (USA) 
Three: College. coctttsscessachccarccsacsssscsssee North Carolina (USA) ZAIMMOK Walia cas occa ees cxcccccrenccees Switzerland 
Tiara acon aes ... Colorado (USA) 
TohOKUIUNIWersitye wei atssedccrssesseesur- ee Japan 
Tombau shi @lyvde Witrercwtnccccostes Kansas (USA) 
MOmsksUNiVersity os cee estee secretes Russia 
Tortugas Mountain Station ............0.6 New Mexico (USA) 


PoulOuserwrank Sesreciotorteciten cess France 


Observatory Name 


Algeria 
Alger Obs. 


Argentina 
Argentine Radio Ast. Inst. 
Cérdoba Ast. Obs. 
Cérdoba Obs. Astrophys. Sta. 
Dr. Carlos U. Cesco Sta. 
El Leoncito Ast. Complex 
Félix Aguilar Obs. 
La Plata Ast. Obs. 
National Obs. of Cosmic Physics 
Naval Obs. 


Armenia 
Byurakan Astrophysical Obs. 


Australia 
Anglo-Australian Obs. 
Australian Natl. Radio Ast. Obs. 
Australia Tel. Natl. Facility 
Deep Space Sta. 
Fleurs Radio Obs. 
Molonglo Radio Obs. 
Mount Pleasant Radio Ast. Obs. 
Mount Stromlo Obs. 
Perth Obs. 
Riverview College Obs. 
Royal Obs. Edinburgh Sta. 


Austria 
Kanzelhohe Solar Obs. 
Kuffner Obs. 
L. Figl Astrophysical Obs. 
Lustbiihel Obs. 
Univ. of Graz Obs. 
Urania Obs. 
Vienna Univ. Obs. 


Belgium 
Ast. and Astrophys. Inst. 
Cointe Obs. 
Royal Obs. of Belgium 
Royal Obs. Radio Ast. Sta. 


Brazil 
Abrahao de Moraes Obs. 
Antares Ast. Obs. 
Itapetinga Radio Obs. 
Morro Santana Obs. 
National Obs. 
Pico dos Dias Obs. 
Piedade Obs. 
Valongo Obs. 


ARARDAR 


OBSERVATORIES, 1998 


Location 


Bouzaréa 


Villa Elisa 

Cérdoba 

Bosque Alegre 

San Juan/El Leoncito 
San Juan/El Leoncito 
San Juan 

La Plata 

San Miguel 

Buenos Aires 


Yerevan/Mt. Aragatz 


Coonabarabran/Siding Spring, N.S.W. 


Parkes, New South Wales 
Culgoora, New South Wales 
Tidbinbilla, Austl. Cap. Ter. 
Kemps Creek, New South Wales 
Hoskinstown, New South Wales 
Hobart, Tasmania 


Canberra/Mt. Stromlo, Austl. Cap. Ter. 


Bickley, Western Australia 
Lane Cove, New South Wales 


Coonabarabran/Siding Spring, N.S.W. 


Klagenfurt/Kanzelhohe 
Vienna 

St. Corona at Schopfl 
Graz 

Graz 

Vienna 

Vienna 


Brussels 
Liége 
Uccle 
Humain 


Valinhos 

Feira de Santana 

Atibaia 

Porto Alegre 

Rio de Janeiro 

Itajuba/Pico dos Dias 

Belo Horizonte 

Rio de Janeiro/Mt. Valongo 


East 


Longitude 


t++ee¢ 44+ 


+++ + 


44 


nk n 


46 
38 
46 
5] 
43 
45 
43 
43 


NWS 


03.7 
15.7 
8307 
58.8 
46.5 
25.4 
26.4 
00.5 
08.1 
09.5 
04.2 


54.4 
17.8 
55.4 
29.7 
Piha) 
2a 
20.2 


23.0 
333.8) 
PINS) 
5.3 


58.0 
ate 
3319 
07.6 
13.4 
35.0 
30.7 
Wie 


Latitude 


+40 


20.1 


16.4 
00.0 
18.9 
24.1 
51.8 
2258 
48.3 
19.2 
00.5 
49.8 
16.5 


40.7 
12.8 
05.0 
03.9 
04.7 
Wd 
IBS) 


48.8 
Sal 
47.9 
es 


00.1 
15.4 
ie 
03.2 
Sal! 
Spall 
49.3 
38) 


Iw 


Height 
(m.s.1.) 


m 


345 


1500 


1149 
392 
217 
656 
45 
WBZ 
43 
767 
391 
25 

1145 


1526 
302 
890 
480 
315 
193 
241 


147 
127 
105 
293 


850 
256 
806 
300 
33 
1870 
1746 
52 


J8 


Observatory Narne 


Canada 
Algonquin Radio Obs. 
Climenhaga Obs. 
David Dunlap Obs. 
Devon Ast. Obs. 
Dominion Astrophysical Obs. 


Dominion Radio Astrophys. Obs. 


Elginfield Obs. 

Mont Mégantic Ast. Obs. 
Ottawa River Solar Obs. 
Rothney Astrophysical Obs. 


Chile 

Cerro Calan National Ast. Obs. 
Cerro El Roble Ast. Obs. 
Cerro Tololo Inter-Amer. Obs. 
European Southern Obs. 

Las Campanas Obs. 

Maipu Radio Ast. Obs. 
Manuel Foster Astrophys. Obs. 


China, People’s Republic of 


Beijing Normal Univ. Obs. 
Beijing Obs. Sta. 
Beijing Obs. Sta. 
Beijing Obs. Sta. 
Beijing Obs. Sta. 
Purple Mountain Obs. 
Shaanxi Ast. Obs. 
Shanghai Obs. Sta. 
Shanghai Obs. Sta. 
Shanghai Obs. Sta. 
Wuchang Time Obs. 
Yunnan Obs. 


Colombia 
National Ast. Obs. 


Croatia, Republic of 
Geodetical Faculty Obs. 
Hvar Obs. 


Czech Republic 
Charles Univ. Ast. Inst. 
Nicholas Copernicus Obs. 
Ondiejov Obs. 

Prostéjov Obs. 

ValaSské Meziri¢i Obs. 


Denmark 
Copenhagen Univ. Obs. 
Copenhagen Univ. Obs. 
Ole Rgmer Obs. 
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OBSERVATORIES, 1998 


iG 


Location 


Lake Traverse, Ontario 
Victoria, British Columbia 
Richmond Hill, Ontario 
Devon, Alberta 

Victoria, British Columbia 
Penticton, British Columbia 
London, Ontario 


Mégantic/Mont Mégantic, Quebec 


Ottawa, Ontario 
Priddis, Alberta 


Santiago/Cerro Calan 
Santiago/Cerro El Roble 

La Serena/Cerro Tololo 

La Serena/Cerro La Silla 
Vallenar/Cerro Las Campanas 
Maipu 

Santiago/Cerro San Cristobal 


Beijing 
Miyun 
Shahe 
Tianjing 
Xinglong 
Nanjing/Purple Mtn. 
Lintong 
Sheshan 
Urumqui 
Xujiahui 
Wuhan 
Kunming 


Bogota 


Zagreb 
Hvar 


Prague 

Brno 

Ondiejov 
Prostéjov 
ValaSské Mezirici 


Brorfelde 
Copenhagen 
Arhus 


East 


Longitude 


+++ 4+ +4 


04.9 


01.3 
26.9 


23al 
35.3 
47.0 
09.8 
58.5 


40.0 
34.6 
11.8 


: Height 
Latitude (m.s.l.) 
° f m 
+45 57.3 260 
+48 27.8 74 
+43 51.8 244 


+45 27.3] 1114 
+45 23.2 58 
+50 52.1] 1272 
—33 23.8 860 
—32 58.9} 2220 
-30 09.9) 2215 
—29 15.4) 2347 
-29 00.5] 2282 
-—33 30.1 446 
—33 25.1 840 


+34 56.7 468 
+31 05.8 100 
+43 28.3} 2080 
+31 11.4 5 
+30 32.5 28 
+25 01.5] 1940 
+ 4 35.9} 2640 


+45 49.5 146 
+43 10.7 238 


+50 04.6 267 
+49 12.3 
+49 54.6 533 
+49 29.2 225 
+49 27.8 338 


#55.037.5 90 
+55 41.2 
+56 07.7 50 


OBSERVATORIES, 1998 J9 


: 
Observatory Name Location ee Tatitude ae 
° , ° , m 
Ecuador 
Quito Ast. Obs. Quito — 78 29.9} — 0 13.0} 2818 
Egypt 
Helwan Obs. Helwan + 31 22.8 | +29 51.5 116 
Kottamia Obs. Kottamia + 31 49.5 | +29 55.9 476 
Estonia 
Wilhelm Struve Astrophys. Obs. Tartu + 26 28.0] +58 16.0) —— 
Finland 
European Incoh. Scatter Facility R Sodankyla + 26 37.6 | +67 21.8 197 
Metsahovi Obs. Kirkkonummi + 24 23.8} +60 13.2 60 
Metsadhovi Obs. Radio Rsch. Sta) R Kirkkonummi + 24 23.6] +60 13.1 61 
Tuorla Obs. Piikkio + 22 26.8 | +60 25.0 40 
Univ. of Helsinki Obs. Helsinki + 24 57.3 | +60 09.7 33 
France 
Besancon Obs. Besan¢gon + 5 59.2 | +47 15.0 312 
Bordeaux Univ. Obs. R Floirac — 0 31.7 | +44 50.1 73 
Céte d’Azur Obs. I,L | Calern + 6 55.6} +43 44.9] 1270 
Grenoble Obs. R Gap/Plateau de Bure + 5 54.5 | +44 38.0] 2552 
Lyon Univ. Obs. St. Genis Laval + 4 47.1 | +45 41.7 299 
Meudon Obs. Meudon + 2 13.9] +48 48.3 162 
Millimeter Radio Ast. Inst. R Gap/Plateau de Bure + 5 54.4 | +44 38.0} 2552 
Nice Obs. Nice/Mont Gros + 7 18.1 | +43 43.4 372 
Obs. of Haute-Provence Forcalquier/St. Michel +5 4278 ||) $437 5519 665 
Paris Obs. Paris + 2 20.2 | +48 50.2 67 
Paris Obs. Radio Ast. Sta. R Nangay + 2 11.8 | +47 22.8 150 
Pic du Midi Obs. Bagneéres-de-Bigorre + 0 08.7 | +42 56.2} 2861 
Strasbourg Obs. Strasbourg + 7 46.2 | +48 35.0 142 
Toulouse Univ. Obs. Toulouse fe 278) +4 3eSOun 195 
Georgia 
Abastumani Astrophysical Obs. R Abastumani/Mt. Kanobili + 42 49.3 | +41 45.3) 1583 
Germany 
Archenhold Obs. Berlin Se dls) AS IL || staph A 41 
Bochum Obs. Bochum + 7 13.4] +51 27.9 132 
Central Inst. for Earth Physics Potsdam + 13 04.0] +52 22.9 91 
Einstein Tower Solar Obs. R Potsdam + 13 03.9 | +52 22.8 100 
Friedrich Schiller Univ. Obs. Jena + 11 29.2 | +50 55.8 356 
Gottingen Univ. Obs. Gottingen ar $e) Sova) Grail Bits} 159 
Hamburg Obs. Bergedorf + 10 14.5 | +53 28.9 45 
Hoher List Obs. Daun/Hoher List + 6 51.0} +50 09.8 233 
Inst. of Geodesy Ast. Obs. Hannover + 9 42.8 | +52 23.3 7) 
Karl Schwarzschild Obs. Tautenburg + 11 42.8 | +50 58.9 331 
Lohrmann Obs. Dresden + 13°52.3°|'+51 03:0 324 
Max Planck Inst. for Radio Ast. R Effelsberg + 6 53.1 |+50 31.6 369 
Munich Univ. Obs. Munich + 11 36.5 | +48 08.7 529 
Potsdam Astrophysical Obs. Potsdam + 13 04.0 | +52 22.9 107 
Remeis Obs. Bamberg + 10 53.4] +49 53.1 288 
Schauinsland Obs. Freiburg/Schauinsland Mtn. + 7 54.4] +47 54.9} 1240 
Sonneberg Obs. Sonneberg + 1111.5) +50 22.7 640 
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OBSERVATORIES, 1998 


| East 


Observatory Name Location Longitude Latitude ae 
° , ° , m 
Germany, cont. 
State Obs. Heidelberg/Konigstuhl + 8 43.3 | +49 23.9 570 
Stockert Radio Obs. R Eschweiler + 6 43.4 | +50 34.2 435 
Swabian Obs. Stuttgart + 9 11.8 | +48 47.0 354 
Tremsdorf Radio Ast. Obs. R Tremsdorf + 13 08.2 | +52 17.1 35 
Tiibingen Univ. Ast. Obs. R Tiibingen + 9 03.5 | +48 32.3 470 
Wendelstein Solar Obs. Brannenburg + 12 00.8 |} +47 42.5} 1838 
Wilhelm Foerster Obs. Berlin + 13 21.2 | +52 27.5 78 
Greece 
Kryonerion Ast. Obs. Kiaton/Mt. Killini + 22 37.3 | +37 58.4 905 
Nationa! Obs. of Athens Athens + 23 43.2 | +37 58.4 110 
National Obs. Sta. R Pentele + 23 51.8 | +38 02.9 509 
Stephanion Obs. Stephanion + 22 49.7 | +37 45.3 800 
Univ. of Thessaloniki Obs. Thessaloniki + 22 57.5 | +40 37.0 28 
Greenland 
Incoherent Scatter Facility R Sgndre Strgmfjord — 50 57.0 | +66 59.2 180 
Hungary 
Heliophysical Obs. Debrecen + 21 37.4 | +47 33.6 132 
Heliophysical Obs. Sta. Gyula + 21 16.2 | +46 39.2 135 
Konkoly Obs. Budapest + 18 57.9 | +47 30.0 474 
Konkoly Obs. Sta. Piszkéstet6 + 19 53.7 | +47 55.1 958 
Urania Obs. Budapest + 19 03.9 | +47 29.1 166 
India 
Gauribidanur Radio Obs. R Gauribidanur + 77 26.1 | +13 36.2 686 
Gurushikhar Infrared Obs. I Abu + 72 46.8 | +24 39.1] 1700 
Japal-Rangapur Obs. R Japal + 78 43.7 | +17 05.9 695 
Kodaikanal Solar Obs. Kodaikanal + 77 28.1) +10913:8,) 2343 
Nizamiah Obs. Hyderabad + 78 27.2 | +17 25.9 554 
Radio Ast. Center R Udhagamandalam (Ooty) + 76 40.0 | +11 22.9] 2150 
Uttar Pradesh State Obs. Naini Tal/Manora Peak + 79 27.4 | +29 21.7] 1927 
Vainu Bappu Obs. Kavalur + 78 49.6 | +12 34.6 725 
Indonesia 
Bosscha Obs. Lembang (Java) +107 37.0 | -— 6 49.5} 1300 
Ireland 
Dunsink Obs. Castleknock — 6 20.2 | +53 23.3 85 
Israel 
Florence and George Wise Obs. Mitzpe Ramon/Mt. Zin + 34 45.8 | +30 35.8 874 
Italy 
Arcetri Astrophysical Obs. Arcetri + 11 15.3 | +43.45.2 184 
Asiago Astrophysical Obs. Asiago + I 3x7 | +450Sie Tien O45 
Bologna Univ. Obs. Loiano + 11 20.2 | +44 15.5 785 
Brera-Milan Ast. Obs. Merate + 9 25.7 | +45 42.0 340 
Brera-Milan Ast. Obs. Milan + 9 11.5} +45 28.0 146 
Cagliari Ast. Obs. Ib Capoterra + 8 58.6 | +39 08.2 205 
Capodimonte Ast. Obs. Naples + 14 15.3 | +40 51.8 150 
Catania Astrophysical Obs. Catania + 15). 05.2) | +37830.2 47 


OBSERVATORIES, 


1998 


Observatory Name 


Location 


Italy, cont. 
Catania Obs. Stellar Sta. 
Chaonis Obs. 
Collurania Ast. Obs. 
Damecuta Obs. 
International Latitude Obs. 
Medicina Radio Ast. Sta. 
Mount Ekar Obs. 
Padua Ast. Obs. 
Palermo Univ. Ast. Obs. 
Rome Obs. 
San Vittore Obs. 
Trieste Ast. Obs. 
Turin Ast. Obs. 


Japan 
Dodaira Obs. 
Hida Obs. 
Hiraiso Solar Terr. Rsch. Center 
Kagoshima Space Center 
Kashima Space Reseach Center 
Kiso Obs. 
Kwasan Obs. 
Kyoto Univ. Ast. Dept. Obs. 
Kyoto Univ. Physics Dept. Obs. 


Mizusawa Astrogeodynamics Obs. 


Nagoya Univ. Fujigane Sta. 
Nagoya Univ. Radio Ast. Lab. 
Nagoya Univ. Sugadaira Sta. 
Nagoya Univ. Toyokawa Sta. 
National Ast. Obs. 

Nobeyama Cosmic Radio Obs. 
Nobeyama Solar Radio Obs. 
Norikura Solar Obs. 
Okayama Astrophysical Obs. 
Sendai Ast. Obs. 

Simosato Hydrographic Obs. 
Sirahama Hydrographic Obs. 
Tohoku Univ. Obs. 

Tokyo Hydrographic Obs. 
Toyokawa Obs. 


Kazakhstan 
Mountain Obs. 


Korea, Republic of 
Bohyunsan Optical Ast. Obs. 
Daeduk Radio Ast. Obs. 
Korea Ast. Obs. 

Sobaeksan Ast. Obs. 


Latvia 
Latvian State Univ. Ast. Obs. 
Riga Radio-Astrophysical Obs. 


Catania/Serra la Nave 
Chions 
Teramo 
Anacapri 
Carloforte 

R Medicina 
Asiago/Mt. Ekar 
Padua 
Palermo 
Rome/Monte Mario 
Bologna 

R Trieste 
Pino Torinese 


Ib, Tokyo/Mt. Dodaira 
Kamitakara 
Nakaminato 
Uchinoura 
Kashima 
Kiso 
Kyoto 
Kyoto 
Kyoto 
Mizusawa 
Kamiku Isshiki 
Nagoya 
Toyokawa 
Toyokawa 
Mitaka 
Nobeyama 
Nobeyama 
Matsumoto/Mt. Norikura 
Kurashiki/Mt. Chikurin 
Sendai 
R,L | Simosato 
Sirahama 
Sendai 
Tokyo 
R Toyokawa 


AWD 


“AAA ADAD 


Alma-Ata 


Youngchun/Mt. Bohyun 


R Taejeon 
Taejeon 
Danyang 

Iv, Riga 

R Riga 


East 
Longitude 
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+ 
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+ 
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ae 
ou 
ab 
oe 


J1l1 

Latitude | Height 
(m.s..) 

m 

437 41.5| 1735 


+45 50.6 15 
+42 39.5 388 
+40 33.5 137 
+39 08.2 22 
+44 31.2 44 
+45 50.6} 1350 
+45 24.0 38 
+38 06.7 72 
+41 55.3 152 
+44 28.1 280 
+45 38.5 400 
+45 02.3 622 


+36 00.2 879 
+36 14.9] 1276 
+36 22.0 27 
+31 13.7 228 
+35: 57.3 32 
+35 47.6} 1130 
+34 59.7 221 
oo Oley 86 
+35 01.7 80 
+39 08.1 61 


+35 25.6 1015 
+35 08.9 Us 
+36 31.2] 1280 


+34 50.1 25 
+35 40.3 58 


+35 56.0} 1350 
+35 56.3} 1350 
+36 06.8] 2876 


+34 34.4 372 
+38 15.4 45 
+33 34.5 63 
+34 42.8 e/2 
+38 15.4 153 
+35 39.7 4] 
+34 50.2 18 


+43 11.3} 1450 


+36 10.0] 1127 
+36 23.9] 120 
+36 23.9] 120 
+36 56.0] 1390 


+56 57.1 39 
+56 47.0 WS 


J12 


Observatory Name 


Lithuania 
Vilnius Ast. Obs. 


Mexico 


Guillermo Haro Astrophys. Obs. 


National Ast. Obs. 
National Ast. Obs. 


Netherlands 
Catholic Univ. Ast. Inst. 
Dwingeloo Radio Obs. 
Kapteyn Obs. 
Leiden Obs. 
Simon Stevin Obs. 
Sonnenborgh Obs. 
Westerbork Radio Ast. Obs. 


New Zealand 
Auckland Obs. 
Carter Obs. 
Carter Obs. Sta. 
Mount John Univ. Obs. 


Norway 
European Incoh. Scatter Facility 
Skibotn Ast. Obs. 


Philippine Islands 
Manila Obs. 
Pagasa Ast. Obs. 


Poland 
Astronomical Latitude Obs. 
Jagellonian Obs. Ft. Skala Sta. 
Jagellonian Univ. Ast. Obs. 
Piwnice Ast. Obs. 
Poznan Univ. Ast. Obs. 
Warsaw Univ. Ast. Obs. 
Wroclaw Univ. Ast. Obs. 
Wroclaw Univ. Bialkow Sta. 


Portugal 
Coimbra Ast. Obs. 
Lisbon Ast. Obs. 
Prof. Manuel de Barros Obs. 


Puerto Rico 
Arecibo Obs. 


Romania 
Bucharest Ast. Obs. 
Cluj-Napoca Ast. Obs. 


OBSERVATORIES, 1998 


Location 


Vilnius 


Cananea/La Mariquita Mtn. 
San Felipe (Baja) 
Tonantzintla 


Nijmegen 
Dwingeloo 
Roden 
Leiden 
Hoeven 
Utrecht 
Westerbork 


Auckland 

Wellington 
Blenheim/Black Birch 
Lake Tekapo/Mt. John 


Troms¢ 
Skibotn 


Quezon City 
Quezon City 


Borowiec 
Cracow 
Cracow 
Piwnice 
Poznan 
Ostrowik 
Wroclaw 
Wasosz 


Coimbra 
Lisbon 
Vila Nova de Gaia 


Arecibo 


Bucharest 
Cluj-Napoca 


East 
Longitude 


++ e+ ¢ + 4+ 
DNNnPh PDH N 
N 
© 


+174 46.7 
+174 46.0 
+173 48.2 
+170 27.9 


+ 19 31.2 
+ 20 21.9 


+121 04.6 
+121 04.3 


+24, + +9 #] 
= VEN 
tn 
hy 
~ 


— 66 45.2 


+ 26 05.8 
+ 28.89.99 


; Height 
Latitude (ms) 
° "4 m 


+31 03.2] 2480 
+31 02.6| 2830 
+19 02.0} 2150 


+51 49.5 62 
+52 48.8 25 
+53)07.7 12 
+52, 09.3 12 
+51 34.0 © 
+52 05.2 14 
+52 55:0 16 


-36 54.4 80 
—41 17.2 129 
—-41 44.9| 1396 
—43 59.2| 1027 


+69: 35.2 85 
+69 20.9 157 


+14 38.2 58 
+14 39.2 70 


+52 16.6 80 
+50 03.3 314 
+50 03.9 225 
+5305.7 100 
+52. 23.8 85 
+52 05.4 138 
+51 06.7 115 
+51 28.5 140 


+40 12.4 99 
+38 42.7 111 
+41 06.5 232 


+18 20.6] 496 


+44 24.8 81 
+46 42.8 750 


Observatory Name 


Russia 
Engelhardt Ast. Obs. 
Irkutsk Ast. Obs. 
Kaliningrad Univ. Obs. 
Kazan Univ. Obs. 
Pulkovo Obs. 
Pulkovo Obs. Sta. 
St. Petersburg Univ. Obs. 
Special Astrophysical Obs. 
Sternberg State Ast. Inst. 
Tomsk Univ. Obs. 


Slovakia 
Lomnicky Stit Coronal Obs. 
Skalnaté Pleso Obs. 
Slovak Technical Univ. Obs. 


South Africa, Republic of 


Boyden Obs. 

Hartebeeshoek Radio Ast. Obs. 
Leiden Obs. Southern Sta. 
South African Ast. Obs. 

South African Ast. Obs. Sta. 


Spain 
Deep Space Sta. 
Deep Space Sta. 
Ebro Obs. 
German Spanish Ast. Center 
Millimeter Radio Ast. Inst. 
National Ast. Obs. 
National Obs. Ast. Center 
Naval Obs. 
Ramon Maria Aller Obs. 
Roque de los Muchachos Obs. 
Teide Obs. 


Sweden 
European Incoh. Scatter Facility 
Kvistaberg Obs. 
Lund Obs. 
Lund Obs. Javan Sta. 
Onsala Space Obs. 
Stockholm Obs. 


Switzerland 
Arosa Astrophysical Obs. 
Basle Univ. Ast. Inst. 
Cantonal Obs. 
Geneva Obs. 
Gornergrat North & South Obs. 
High Alpine Research Obs. 
Swiss Federal Obs. 
Univ. of Lausanne Obs. 


OBSERVATORIES, 1998 


Location 


Kazan 
Irkutsk 
Kaliningrad 
Kazan 
R Pulkovo 
Kislovodsk/Shat Jat Mass Mtn. 
St. Petersburg 
R Zelenchukskaya/Pasterkhov Mtn. 
Moscow 
Tomsk 


Poprad/Mt. Lomnicky Stit 
Poprad 
Bratislava 


Mazelspoort 

R Hartebeeshoek 
Hartebeespoort 
Cape Town 
Sutherland 


Cebreros 

Robledo 

Roquetas 

Gérgal/Calar Alto Mtn. 
R Granada/Pico Veleta 


AnD 


Madrid 
R Yebes 
|B San Fernando 


Santiago de Compostela 
R La Palma Island (Canaries) 
R,J | Tenerife Island (Canaries) 


R Kiruna 
Bro 
Lund 
Bjornstorp 
R Onsala 


Saltsjobaden 


Arosa 
Binningen 
Neuchatel 
Sauverny 

R,I | Zermatt/Gornergrat 
Miirren/Jungfraujoch 
Ziirich 
Chavannes-des-Bois 


J13 
East ; Height 
Longitude elie (m.s.1.) 
° U“ ° , m 


+ + 
ee 
of 
& 0c 
NO 
oS 
~J 
aa 
Nn 
) 
= 
OH 
N 
£ 
lon 
(-) 


+ 20 29.7] +54 42.8 24 
+ 49 07.3 | +55 47.4 @ 
+ 30 19.6} +59 46.4 75 
+ 42 31.8} +43 44.0] 2130 
+ 30 17.7] +59 56.5 3 
+ 41 26.5 | +43 39.2} 2100 
+ 37 32.7} +55 42.0 195 
+ 84 56.8} +56 28.1 130 


20 13.2 | +49 11.8} 2632 
+ 20 14.7} +49 11.3] 1783 
+ 17 07.2 | +48 09.3 171 


+ 


26 24.3 | -29 02.3) 1387 
27 41.1 | -25 53.4} 1391 
27 52.6 | -25 46.4] 1220 
18 28.7 | -33 56.1 18 
20 48.7 | -32 22.7| 1771 


+++ 4+ 4+ 


— 4 22.0] +40 27.3 789 
- 4 14.9] +40 25.8 7714 
+ 0 29.6 | +40 49.2 50 
172) 3 222) Si USES 16S 
— 3 24.0] +37 04.1] 2870 
—- 3 41.1 | +40 24.6 670 
- 3 06.0] +40 31.5 914 
— 6 12.2 | +36 28.0 27 
— 8 33.6] +42 52.5 240 
— 17 52.9 | +28 45.6] 2326 
— 16 29.8 | +28 17.5] 2395 


20 26.1 | +67 51.6 418 
17 36.4 | +59 30.1 | —— 
13 11.2} +55 41.9 34 
13 26.0 | +55 37.4 145 
LBS SEES ie 2316 24 
18 18.5 | +59 16.3 60 


+++ 4+ 4+ 4+ 


40.1 | +46 47.0} 2050 
35.0 | +47 32.5 318 
57.5 | +46 59.9} 488 
465 
47.1 | +45°59:1))' 3135 
59.1 | +46 32.9] 3576 
33.1 | +47 22.6 469 
08.2 | +46 18.4 465 


++ ee +++ + 
ON) SO) 3 S3| GN (ON: =I NO 
j=) 

i) 

NO 
+ 
Be 
[ony 
36 
Ba 


J14 


Observatory Name 


Switzerland, cont. 
Zimmerwald Obs. 


Tadzhikistan 
Inst. of Astrophysics 


Taiwan (Republic of China) 
National Central Univ. Obs. 
Taipei Obs. 


Turkey 
Ege Univ. Obs. 
Istanbul Univ. Obs. 
Kandilli Obs. 
Univ. of Ankara Obs. 


Ukraine 
Crimean Astrophysical Obs. 
Crimean Astrophysical Obs. 
Inst. of Radio Ast. 
Kharkov Univ. Ast. Obs. 
Kiev Univ. Obs. 
Lvov Univ. Obs. 
Main Ast. Obs. 
Nikolaev Ast. Obs. 
Odessa Obs. 


United Kingdom 
Armagh Obs. 
Cambridge Univ. Obss. 
Chilbolton Obs. 
City Obs. 
Godlee Obs. 
Mills Obs. 
Mullard Radio Ast. Obs. 
Nuffield Radio Ast. Labs. 
Royal Greenwich Obs. 
Royal Obs. Edinburgh 
Satellite Laser Ranger Group 
Univ. of Glasgow Obs. 
Univ. of London Obs. 
Univ. of St. Andrews Obs. 


OBSERVATORIES, 1998 


Location 


Zimmerwald 


Dushanbe 


Chung-li 
Taipei 


Bornova 
Istanbul 
Istanbul 
Ankara 


Partizanskoye 
Simeis 
Kharkov 
Kharkov 

Kiev 

Lvov 

Kiev 
Nikolaev 
Odessa 


Armagh, Northern Ireland 
Cambridge, England 
Chilbolton, England 
Edinburgh, Scotland 
Manchester, England 
Dundee, Scotland 
Cambridge, England 
Macclesfield/Jodrell Bank, England 
Cambridge, England 
Edinburgh, Scotland 
Herstmonceux, England 
Glasgow, Scotland 

Mill Hill, England 

St. Andrews, Scotland 


United States of America (USA) 


Alabama 
Univ. of Alabama Obs. 
Arizona 
Fred L. Whipple (MMT) Obs. 
Kitt Peak National Obs. 
Lowell Obs. 
Lowell Obs. Sta. 
McGraw-Hill Obs. 
Mount Lemmon Infrared Obs. 
National Radio Ast. Obs. 


University 


Amado/Mt. Hopkins 
Tucson/Kitt Peak 
Flagstaff 
Flagstaff/Anderson Mesa 
Tucson/Kitt Peak 
Tucson/Mt. Lemmon 
Tucson/Kitt Peak 


East 
Longitude 


+ 68 


+121 
+121 


Pd 
28 
29 
32 


+ +++ 


34 
34 
36 
36 
30 
24 
30 
31 
30 


+e + t¢¢e¢ 4+ + 4 


| 
WONOWNWRK ODA 


| 
NoOof Oo 


46.9 


11.2 
31.6 


16.5 
a9 
03.7 
46.8 


01.0 
01.0 
56.0 
13.9 
29.9 
01.8 
30.4 
58.5 
45.5 


38.9 
05.7 
26.2 
10.8 
14.0 
00.7 
02.6 
18.4 
05.7 
11.0 
20.3 
18.3 
14.4 
48.9 


32:5 


25)! 
36.0 
39.9 
B22 
37.0 
47.5 
36.9 


Latitude 


+46 


+38 


+24 
+25 


+38 
+41 
+41 
+39 


+44 
+44 
+49 
+50 
+50 
+49 
+50 
+46 
+46 


+54 
+52 
+51 
+55 
+53 
+56 
+52 
+53 
+52 
+55 
+50 
+55 
+51 
+56 


+33 


+31 
+31 
+35 
+35 
+31 
+32 
+31 


52.6 


33.7 


58.2 
04.7 


259 
00.7 
03.8 
50.6 


43.7 
32.1 
38.0 
00.2 
212 
50.0 
Zic9 
58.3 
28.6 


21.2 
12.8 
08.7 
57.4 
28.6 
20.9 
10.2 
14.2 
12.8 
5.5 
52.0 
54.1 
36.8 
20.2 


12.6 


41.3 
57.8 
12.2 
05.8 
57.0 
26.5 


57D 


Height 
(m.s.1.) 


™m 


920 


820 


152 
31 


795 
65 
120 
1266 


107 


152 


146 


2608 
2120 
2219 
2200 
1925 
2776 
1939 


Observatory Name 


USA, cont. 

Arizona, cont. 
Northern Arizona Univ. Obs. 
Steward Obs. 
Steward Obs. Catalina Sta. 
Steward Obs. Catalina Sta. 
Steward Obs. Catalina Sta. 


Steward Obs. Sta. 

Submillimeter Telescope Obs. R 
U.S. Naval Obs. Sta. 

Vatican Obs. Research Group I 


Warner and Swasey Obs. Sta. 
California 

Big Bear Solar Obs. 

Chabot Obs. 

Goldstone Complex R 

Griffith Obs. 

Hat Creek Radio Ast. Obs. R 

Leuschner Obs. 

Lick Obs. 

MIRA Oliver Observing Sta. 

Mount Laguna Obs. IE, 

Mount Wilson Obs. R 

Owens Valley Radio Obs. R 

Palomar Obs. 

Radio Ast. Inst. 

San Fernando Obs. 

SRI Radio Ast. Obs. 

Stanford Center for Radar Ast. 

Table Mountain Obs. 
Colorado 

Chamberlin Obs. 

Chamberlin Obs. Sta. 

Mount Evans Obs. 

Sommers-Bausch Obs. 

Tiara Obs. 

U.S. Air Force Academy Obs. 
Connecticut 

Van Vleck Obs. 

Western Conn. State Univ. Obs. 
Delaware 

Mount Cuba Ast. Obs. 
District of Columbia 

Naval Rsch. Lab. Radio Ast. Obs. R 

U.S. Naval Obs. 
Florida 

Brevard Community College Obs. 

Rosemary Hill Obs. 

Univ. of Florida Radio Obs. R 
Georgia 

Bradley Obs. 

Fernbank Obs. 

Hard Labor Creek Obs. 


AADARDA 


OBSERVATORIES, 1998 


Location 


Flagstaff 

Tucson 

Tucson/Mt. Bigelow 
Tucson/Mt. Lemmon 
Tucson/Tumamoc Hill 
Tucson/Kitt Peak 
Safford/Mt. Graham 
Flagstaff 

Safford/Mt. Graham 
Tucson/Kitt Peak 


Big Bear City 
Oakland 

Fort Irwin 

Los Angeles 

Cassel 

Lafayette 

San Jose/Mt. Hamilton 
Monterey/Chews Ridge 
Mount Laguna 
Pasadena/Mt. Wilson 
Big Pine 

Palomar Mtn. 
Stanford 

San Fernando 
Stanford 

Palo Alto 

Wrightwood 


Denver 

Bailey/Dick Mtn. 
Georgetown/Mt. Evans 
Boulder 

South Park 

Colorado Springs 


Middletown 
Danbury 


Greenville 


Washington 
Washington 


Cocoa 
Bronson 
Old Town 


Decatur 
Atlanta 
Rutledge 


East 


Longitude 


Latitude 


J15 


Height 
(m.s.1.) 


J16 OBSERVATORIES, 1998 


Observatory Name 


USA, cont. 
Hawaii 
Caltech Submillimeter Obs. 
Canada-France-Hawaii Tel. Corp. I 
C.E.K. Mees Solar Obs. 
Joint Astronomy Centre RI 
LURE Obs. It 
Mauna Kea Obs. I 
W.M. Keck Obs. 
Illinois 
Dearborn Obs. 
Indiana 
Goethe Link Obs. 
Iowa 
Erwin W. Fick Obs. 
Grant O. Gale Obs. 
North Liberty Radio Obs. R 
Univ. of Iowa Obs. 
Kansas 
Clyde W. Tombaugh Obs. 
Zenas Crane Obs. 
Kentucky 
Moore Obs. 
Maryland 
GSFC Optical Test Site 
Maryland Point Obs. R 
Univ. of Maryland Obs. R 
Massachusetts 
Five College Radio Ast. Obs. R 
George R. Wallace Jr. Aph. Obs. 
Harvard-Smithsonian Ctr. for Aph. R 
Haystack Obs. R 
Hopkins Obs. R 
Maria Mitchell Obs. 


Millstone Hill Atm. Sci. Fac. R 
Millstone Hill Radar Obs. R 
Oak Ridge Obs. R 
Sagamore Hill Radio Obs. R 
Westford Antenna Facility R 
Whitin Obs. 

Michigan 


Central Michigan Univ. Obs. 
Michigan State Univ. Obs. 
Univ. of Mich. Radio Ast. Obs. R 
Minnesota 
O’Brien Obs. 
Missouri 
Morrison Obs. 
Nebraska 
Behlen Obs. 
Nevada 
Maclean Obs. 


Location 


Hilo/Mauna Kea 
Hilo/Mauna Kea 
Hilo/Haleakala 

Hilo/Mauna Kea 
Hilo/Haleakala 

Hilo/Mauna Kea 
Hilo/Mauna Kea 


Evanston 
Brooklyn 


Boone 
Grinnell 
North Liberty 
Riverside 


Lawrence 
Topeka 


Brownsboro 


Greenbelt 
Riverside 
College Park 


New Salem 
Westford 
Cambridge 
Westford 
Williamstown 
Nantucket 
Westford 
Westford 
Harvard 
Hamilton 
Westford 
Wellesley 


Mount Pleasant 
East Lansing 
Dexter 
Marine-on-St. Croix 
Fayette 


Mead 


Incline Village 


East 
Longitude 


Observatory Name 


USA, cont. 
New Hampshire 
Shattuck Obs. 
New Jersey 
Crawford Hill Obs. 
FitzRandolph Obs. 
New Mexico 
Apache Point Obs. 
Capilla Peak Obs. 
Corralitos Obs. 
Joint Obs. for Cometary Research 
National Radio Ast. Obs. 
National Solar Obs. 
New Mexico State Univ. Obs. Sta. 
New Mexico State Univ. Obs. Sta. 
New York 
C.E. Kenneth Mees Obs. 
Hartung-Boothroyd Obs. 
Rutherfurd Obs. 
Syracuse Univ. Obs. 
North Carolina 
Morehead Obs. 
Three College Obs. 
Ohio 
Cincinnati Obs. 
Nassau Ast. Obs. 
Ohio State Univ. Radio Obs. 
Perkins Obs. 
Ritter Obs. 
Pennsylvania 
Allegheny Obs. 
Black Moshannon Obs. 
Flower and Cook Obs. 
Kutztown Univ. Obs. 
Sproul Obs. 
Strawbridge Obs. 
The Franklin Inst. Obs. 
Villanova Univ. Obs. 
Rhode Island 
Ladd Obs. 
South Carolina 
Melton Memorial Obs. 
Univ. of S.C. Radio Obs. 
Tennessee 
Arthur J. Dyer Obs. 
Texas 
George R. Agassiz Sta. 
McDonald Obs. 
Millimeter Wave Obs. 
Virginia 
Leander McCormick Obs. 
Leander McCormick Obs. Sta. 
Washington 
Manastash Ridge Obs. 


OBSERVATORIES, 1998 


Location 


Hanover 


Holmdel 
Princeton 


Sunspot 
Albuquerque/Capilla Peak 
Las Cruces 

Socorro/South Baldy Peak 
Socorro 

Sunspot 

Las Cruces/Blue Mesa 
Las Cruces/Tortugas Mtn. 


Bristol Springs 
Ithaca 

New York 
Syracuse 


Chapel Hill 
Saxapahaw 


Cincinnati 
Montville 
Delaware 
Delaware 
Toledo 


Pittsburgh 

State College/Rattlesnake Mtn. 
Malvern 

Kutztown 

Swarthmore 

Haverford 

Philadelphia 

Villanova 


Providence 


Columbia 
Columbia 


Nashville 

Fort Davis 

Fort Davis/Mt. Locke 
Fort Davis/Mt. Locke 


Charlottesville 
Charlottesville/Fan Mtn. 


Ellensburg/Manastash Ridge 


PA, 
East : Height 
Longitude Batwutie (m.s.1.) 
° , ° , m 


— 71 24.0] +41 50.3 69 


— 81 01.9 | +33 59.8 127 
— 86 48.3 | +36 03.1 345 
-103 56.8 | +30 38.1} 1603 
-104 01.3 | +30 40.3) 2075 
—104 01.7 | +30 40.3] 2031 


— 78 31.4} +38 02.0 264 
— 78 41.6 | +37 52.7 566 


-120 43.4 | +46 57.1] 1198 


J18 OBSERVATORIES, 1998 


Observatory Naine Location saath as Latitude vai ie 
. ° , ° ‘ m 
USA, cont. 
West Virginia 
National Radio Ast. Obs. R Green Bank — 79 50.5 | +38 25.8 836 
Naval Research Lab. Radio Sta. R Sugar Grove — 79 16.4 | +38 31.2 705 
Wisconsin 
Pine Bluff Obs. Pine Bluff — 89 41.1 | +43 04.7 366 
Thompson Obs. Beloit — 89 01.9 | +42 30.3 255 
Washburn Obs. Madison — 89 24.5 | +43 04.6 292 
Yerkes Obs. Williams Bay — 88 33.4 | +42 34.2 334 
Wyoming 
Wyoming Infrared Obs. I Jelm/Jelm Mtn. -105 58.6 | +41 05.9] 2943 
Uruguay 
Montevideo Obs. Montevideo — 56 12.8 | -34 54.6 24 
Uzbekistan 
Tashkent Obs. Tashkent + 69 17.6 | +41 19.5 477 
Uluk-Bek Latitude Sta. Kitab + 66 52.9 | +39 08.0] 658 


Vatican City State 


Vatican Obs. Castel Gandolfo + 12 39.1 | +41 44.8 450 
Venezuela 
Cagigal Obs. Caracas — 66 55.7 | +10 30.4] 1026 


Llano del Hato Obs. Mérida — 70 52.0 | + 8 47.4| 3610 


TABLES AND DATA Kl 
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K2 


Year 


1950 
1951 
1952 
1953 
1954 


1955 
1956 
1957 
1958 
1959 


1960 
1961 
1962 
1963 
1964 


1965 
1966 
1967 
1968 
1969 


1970 
1971 
1972 
1973 
1974 


1975 
1976 
1977 
1978 
1979 


1980 
1981 
1982 
1983 
1984 


1985 
1986 
1987 
1988 
1989 


1990 
1991 
1992 
1993 
1994 


1995 
1996 
1997 
1998 
1999 


2000 


JULIAN DAY NUMBER, 1950-2000 


OF DAY COMMENCING AT GREENWICH 


Jan. 0 


243 


243 


243 


243 


244 


244 


244 


244 


244 


244 


244 


245 


245 


3282 
3647 
4012 
4378 
4743 


5108 
5473 
5839 
6204 
6569 


6934 
7300 
7665 
8030 
8395 


8761 
9126 
9491 
9856 
0222 


0587 
0952 


Feb. 0 


3313 
3678 
4043 
4409 
4774 


5139 
5504 
5870 
6235 
6600 


6965 
7331 
7696 
8061 
8426 


8792 
9157 
9522 
9887 
0253 


0618 
0983 
1348 
1714 
2079 


2444 
2809 
3175 
3540 
3905 


Mar. 0 


3341 
3706 
4072 
4437 
4802 


5167 
5533 
5898 
6263 
6628 


6994 
7359 
7724 
8089 
8455 


8820 
9185 
9550 
9916 
0281 


0646 
1011 
1377 
1742 
2107 


2472 
2838 
3203 
3568 
8955 


4299 
4664 
5029 
5394 
5760 


6125 
6490 
6855 
7221 
7586 


7954 
8316 
8682 
9047 
9412 


9777 
0143 
0508 
0873 
1238 


1604 


Apr. 0 


85/2 
3737 
4103 
4468 
4833 


5198 
5564 
5929 
6294 
6659 


7025 
7390 
7755 
8120 
8486 


8851 
9216 
9581 
9947 
0312 


May 0 


3402 
3767 
4133 
4498 
4863 


5228 
5594 
5959 
6324 
6689 


7055 
7420 
7785 
8150 
8516 


8881 
9246 
9611 
9977 
0342 


0707 
1072 
1438 
1803 
2168 


2533 
2899 
3264 
3629 
3994 


4360 
4725 
5090 
5455 
5821 


6186 
6551 
6916 
7282 
7647 


8012 
8377 
8743 


June 0 


3433 
3798 
4164 
4529 
4894 


5259 
5625 
5990 
6355 
6720 


7086 
7451 
7816 
8181 
8547 


8912 
227i 
9642 
*0008 
0373 


0738 
1103 
1469 
1834 
2199 


2564 
2930 
3295 
3660 
4025 


4391 
4756 
$121 
5486 
5852 


6217 
6582 
6947 
7313 
7678 


8043 
8408 
8774 


July 0 


3463 
3828 
4194 
4559 
4924 


5289 
5655 
6020 
6385 
6750 


7116 
7481 
7846 
8211 
8577 


8942 
9307 
9672 
*0038 
0403 


0768 
1133 
1499 
1864 
2229 


2594 
2960 
3325 
3690 
4055 


4421 
4786 
5151 
5516 
5882 


6247 
6612 
6977 
7343 
7708 


8073 
8438 
8804 
9169 
9534 


9899 
0265 
0630 
0995 
1360 


1726 


Aug. 0 


3494 
3859 
4225 
4590 


” 4955 


5320 
5686 
6051 
6416 
6781 


7147 
7512 
7877 
8242 
8608 


8973 
9338 
9703 
*0069 
0434 


0799 
1164 
1530 
1895 
2260 


2625 
2991 


NOON ON: 
Sept.0 Oct.0 Nov.0 
Sey ay Sep PEREE 
3890 3920 3951 
4256 4286 4317 
4621 4651 4682 
4986 S016 5047 
53515 5381, 412 
STLTe SSI4T-* Oris 
6082 6112 6143 
6447 6477 6508 
6812 6842 6873 
TTS 20S 239 
7543 7573 7604 
7908 7938 7969 
8273 8303 8334 
8639 8669 8700 
9004 9034 9065 
9369 9399 9430 
9734. 9764 9795 
*0100 *0130 *0161 
0465 0495 0526 
0830 0860 0891 
11955 (1225 yal256 
1561.5 (1591 ..1622 
1926 1956 1987 
2291 23205 2332 
2656 2686 2717 
3022 3052 ©3083 
3387 3417 3448 
3752) 3782 sels 
4117 4147 4178 
4483 4513 4544 
4848 4878 4909 
5213 5243 5274 
5578 5608 5639 
5944 5974 6005 
6309 6339 6370 
6674 6704 6735 
7039 7069 7100 
7405 7435 7466 
7770 =7800 = 7831 
8135 8165 8196 
8500 8530 8561 
8866 8896 8927 
9231 9261 9292 
9596 9626 9657 
9961 9991--*0027 
0327 0357 0388 
0692 0722 0753 
1057 1087 =—-:1118 
1422 1452 1483 
1788 1818 1849 


Year 


2000 
2001 
2002 
2003 
2004 


2005 
2006 
2007 
2008 
2009 


2010 
2011 
2012 
2013 
2014 


2015 
2016 
2017 
2018 
2019 


2020 
2021 
2022 
2023 
2024 


2025 
2026 
2027 
2028 
2029 


2030 
2031 
2032 
2033 
2034 


2035 
2036 
2037 
2038 
2039 


2040 
2041 
2042 
2043 
2044 


2045 
2046 
2047 
2048 
2049 


2050 


JULIAN DAY NUMBER, 2000-2050 


OF DAY COMMENCING AT GREENWICH NOON ON: 


Jan. 0 


245 


245 


245 


245 


245 


246 


246 


246 


246 


246 


246 


246 


1544 
1910 
2275 
2640 
3005 


3371 
3736 
4101 
4466 
4832 


5197 
$562 
5927 
6293 
6658 


7023 
7388 
7754 
8119 
8484 


8849 
9215 
9580 
9945 
0310 


0676 
1041 
1406 
1771 
2137 


2502 
2867 
3232 
3598 
3963 


4328 
4693 
5059 
5424 
5789 


6154 
6520 
6885 
7250 
7615 


7981 
8346 
8711 
9076 
9442 


9807 


Feb.0 Mar. 0 


1575 
1941 
2306 
2671 
3036 


3402 
3767 
4132 
4497 
4863 


5228 
5593 
5958 
6324 
6689 


7054 
7419 
7785 
8150 
8515 


8880 
9246 
9611 
9976 
0341 


0707 
1072 
1437 
1802 
2168 


2533 
2898 
3263 
3629 
3994 


4359 
4724 
5090 
5455 
5820 


6185 
6551 
6916 
7281 
7646 


8012 
8377 
8742 
9107 
9473 


9838 


1604 
1969 
2334 
2699 
3065 


3430 
3795 
4160 
4526 
4891 


5256 
5621 
5987 
6352 
6717 


7082 
7448 
7813 
8178 
8543 


8909 
9274 
9639 
*0004 
0370 


0735 
1100 
1465 
1831 
2196 


2561 
2926 
3292 
3657 
4022 


4387 
4753 
5118 
5483 
5848 


6214 
6579 
6944 
7309 
7675 


8040 
8405 
8770 
9136 
9501 


9866 


Apr. 0 


1635 
2000 
2365 
2730 
3096 


3461 
3826 
4191 
4557 
4922 


5287 
5652 
6018 
6383 
6748 


7113 
7479 
7844 
8209 
8574 


8940 
9305 
9670 
*0035 
0401 


0766 
1131 
1496 
1862 
2227 


2592 
2957 
3323 
3688 
4053 


4418 
4784 
5149 
5514 
5879 


6245 
6610 
6975 
7340 
7706 


8071 
8436 
8801 
9167 
9532 


9897 


May 0 


1665 
2030 
2395 
2760 
3126 


3491 
3856 
4221 
4587 
4952 


5317 
5682 
6048 
6413 
6778 


7143 
7509 
7874 
8239 
8604 


8970 
9335 
9700 
*0065 
0431 


0796 
1161 
1526 
1892 
2257 


2622 
2987 
3353 
3718 
4083 


4448 
4814 
5179 
5544 
5909 


6275 
6640 
7005 
7370 
7736 


8101 
8466 
8831 
9197 
9562 


9927 


June 0 


1696 
2061 
2426 
2791 
3157 


3522 
3887 
4252 
4618 
4983 


5348 
5713 
6079 
6444 
6809 


7174 
7540 
7905 
8270 
8635 


9001 
9366 
9731 
*0096 
0462 


0827 
1192 
1557 
1923 
2288 


2653 
3018 
3384 
3749 
4114 


4479 
4845 
5210 
5575 
5940 


6306 
6671 
7036 
7401 
7767 


8132 
8497 
8862 
9228 
9593 


9958 


July 0 


1726 
2091 
2456 
2821 
3187 


3552 
3917 
4282 
4648 
5013 


5378 
5743 
6109 
6474 
6839 


7204 
7570 
7935 
8300 
8665 


9031 
9396 
9761 
*0126 
0492 


0857 
1222 
1587 
1953 
2318 


2683 
3048 
3414 
3779 
4144 


4509 
4875 
5240 
5605 
5970 


6336 
6701 
7066 
7431 
7797 


8162 
8527 
8892 
9258 
9623 


9988 


Aug. 0 


iMG 
2122 
2487 
2852 
3218 


3583 
3948 
4313 
4679 
5044 


5409 
5774 
6140 
6505 
6870 


7235 
7601 
7966 
8331 
8696 


9062 
9427 
9792 
*0157 
0523 


0888 
1253 
1618 
1984 
2349 


2714 
3079 
3445 
3810 
4175 


4540 
4906 
5271 
5636 
6001 


6367 
6732 
7097 
7462 
7828 


8193 
8558 
8923 
9289 
9654 


*0019 


Sept. 0 


1788 
2153 
2518 
2883 
3249 


3614 
3979 
4344 
4710 
5075 


5440 
5805 
6171 
6536 
6901 


7266 
7632 
7997 
8362 
8727 


9093 
9458 
9823 
*0188 
0554 


0919 
1284 
1649 
2015 
2380 


2745 
3110 
3476 
3841 
4206 


4571 
4937 
5302 
5667 
6032 


6398 
6763 
7128 
7493 
7859 


8224 
8589 
8954 
9320 
9685 


*0050 


Oct.0 Nov. 0 


1818 
2183 
2548 
2913 
3279 


3644 
4009 
4374 
4740 
5105 


5470 
5835 
6201 
6566 
6931 


7296 
7662 
8027 
8392 
8757 


9123 
9488 
9853 
*0218 
0584 


0949 
1314 
1679 
2045 
2410 


2775 
3140 
3506 
3871 
4236 


4601 
4967 
5332 
5697 
6062 


6428 
6793 
7158 
7523 
7889 


8254 
8619 
8984 
9350 
9715 


*0080 


1849 
2214 
2579 
2944 
3310 


3675 
4040 
4405 
4771 
5136 


5501 
5866 
6232 
6597 
6962 


7327 
7693 
8058 
8423 
8788 


9154 
9519 
9884 
*0249 
0615 


0980 
1345 
1710 
2076 
2441 


2806 
3171 
3537 
3902 
4267 


4632 
4998 
5363 
5728 
6093 


6459 
6824 
7189 
7554 
7920 


8285 
8650 
9015 
9381 
9746 


*0111 


K3 


Dec. 0 


1879 
2244 
2609 
2974 
3340 


3705 
4070 
4435 
4801 
5166 


5531 
5896 
6262 
6627 
6992 


7357 
7723 
8088 
8453 
8818 


9184 
9549 
9914 
*0279 
0645 


1010 
1375 
1740 
2106 
2471 


2836 
3201 
3567 
3932 
4297 


4662 
5028 
5393 
5758 
6123 


6489 
6854 
7219 
7584 
7950 


8315 
8680 
9045 
9411 
9776 


*0141 


K4 JULIAN DATES OF GREGORIAN CALENDAR DATES 


The Julian date (JD) corresponding to any instant is the interval in mean solar days elapsed 
since 4713 BC January 1 at Greenwich mean noon (12" UT). To determine the JD at 0" UT for a 
given Gregorian calendar date, sum the values from Table A for century, Table B for year and 
Table C for month; then add the day of the month. Julian dates for the current year are given on 
page B4. 


A. Julian date at January 0° 0° UT of centurial year 


Year 16007 1700 1800 1900 20007 2100 
Julian date 230 5447-5 234 1971-5 237 8495.5 241 5019-5 245 1544-5 248 8068-5 


+ Centurial years that are exactly divisible by 400 are leap years in the Gregorian calendar. To determine the 
JD for any date in such a year, subtract 1 from the JD in Table A and use the leap year portion of Table C. (For 
1600 and 2000 the JDs tabulated in Table A are actually for January 1? 0°.) 


Examples 
B. Addition to give Julian date for January 0% 0" UT of year 
Year Add Year Add Year Add Year Add a. 1981 November 14 
0 0 25. 9131 50 18262 75 27393 Table A 
1 365 26 ©9496 51 18627 76* 27758 1900 Jan. 0 241 5019:5 
2 730 27-9861 52* 18992 77 28124 + Table B + 29585 
3 1095 28* 10226 53 19358 78 28489 1981 Jan. 0 244 4604-5 
4* 1460 29 10592 54 19723 79 28854 + Table C (n.y.) + 304 
1981 Nov. 0 244 4908-5 
5 1826 3@ = 10957 55 20088 80* 29219 + Day of Month Coe 
6 2191 31 11322 56* 20453 Si 29585 1981 Nov. 14 244 4922-5 
Fase 2556 32* 11687 57 20819 82 29950 
8* 2921 33 12053 58 21184 83 30315 b. 2000 September 24 
9 3287 3412418 59 21549 84* 30680 AiblciA 
. 2000 Jan. 1 5 
10-9 3650" 2459 127937 Lior SdI914 so 85. 1h 31046 mH (aieaoo} ae ‘eRe 
11 4017 36* 13148 61 22280 86 31411 SAN Tenshi age iaias 
12* 4382 37. 13514 62 22645 87 31776 + Table B A ; 
13. 4748 38 13879 63 23010 88* 32141 Bho tho NOREEN 
8 3 
i4tve Sila 39 14244 64* 23375 89 32507 + Table C (Ly. ‘, aaa 
9) S 
15 5478 «= 40* 1460965. «23741 «= 9032872 eae ri — 
: 2 
16* 5843 41 14975 66 24106 91 33237 2000 Sept. 24 oas ees 


17 6209 42 15340 67 24471 O03 002 
18 6574 43, 15705 68* 24836 9315933968 
19 6939 44* 16070 69 25202 94 34333 


c. 2001 June 21 


Table A 
20* 7304 45 16436 70 25567 95 34698 2000 Jan. 1 245 1544-5 
21 7670 46 16801 71 925932 96* 35063 + Table B + 365 
22, 8035 47 17166 72* 26297 97635429 2001 Jan. 0 245 1909-5 
23 8400 48* 17531 73 26663 98 35794 + Table C (n.y.) + 15% 
24* 8765 49 17897 74 ~=27028 99, Ok36159 2001 June 0 245 2060:5 
: + Day of Month + 21 
Leap years 2001 June 21 245 2081-5 


C. Addition to give Julian date for beginning of month (0? 0° UT) 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 


Normal year 0 31 59 90 120 151 18t° 212° 243.° 273). -304-—— 334 
Leap year 0 31 60 91 121 152, 182, 213i, 2440. 274, 3057 335 


WARNING: prior to 1925 Greenwich mean noon (i.e. 12" UT) was usually denoted by 0" GMT 
in astronomical publications. 


ASTRONOMICAL CONSTANTS (FORMER SYSTEM) KS5 


IAU (1964) System of Astronomical Constants 


This system of constants was replaced for the 1984 edition of the Astronomical 
Almanac by the IAU (1976) System of Astronomical Constants given on pages K6 to K7. 


Defining constants 
Number of ephemeris seconds in one 
tropical year (1900) 


S 1 556 925-974 7 
Gaussian gravitational constant k 


3 
0-017 202 098 950 000 
3 548”-187 606 965 1 


Primary constants 


Astronomical unit 149 600 x 10° m 
Velocity of light 299 792-5 x 10° m/sec 
Equatorial radius of the Earth 6 378 160 m 
Dynamical form-factor for Earth 0-001 082 7 
Geocentric gravitational constant 398 603 x 10? m? s~? 
Mass ratio: Earth / Moon 81-30 
General precession in longitude 
per tropical century (1900) 5025-64 
Constant of nutation (1900) 9”.210 
Derived constants 
Solar parallax 8”.794 
Light-time for unit distance 499°.012 
Constant of aberration cs 20”-496 
Flattening factor for Earth 1 / 298-25 
= 0-003 352 89 
Heliocentric gravitational constant 132 718 x 10!5 m3 s~? 
Mass ratio: Sun /Earth 332 958 
Mass ratio: Sun /(Earth + Moon) 328 912 
Mean distance of the Moon 384 400 x 10° m 
Constant of sine parallax for Moon 3 422".451 
Constants related to the Figure of the Earth 
Equatorial radius (primary) a = 6 378 160m 
Polar radius a(1—f) = 6 356 774-7 m 
Square of eccentricity 2 = 0-006 694 54 


Reduction from geodetic latitude ¢ to geocentric latitude ¢’ 

od’ — 6 =—11' 32"-743 0 sin 2¢ + 1”-163 3 sin 4@ — 0"-002 6 sin 6g 
Radius vector 

p =a (0-998 327 073 + 0-001 676 438 cos 2¢ — 0-000 003 519 cos 4¢ 

+ 0-000 000 008 cos 6¢) 

One degree of latitude (m) 

111 133-35 — 559-84 cos 2@ + 1-17 cos 4¢ (@ = mid-latitude of arc) 
One degree of longitude (m) 

111 413-28 cos @ — 93-51 cos 3g + 0-12 cos 5@ 


The complete system of astronomical constants is given in Supplement to the A.E. 1968 (pages 
4s—7s). 
Old Constants 


The IAU (1964) system was introduced into the planetary ephemerides in 1968 except that 
those for the Sun and inner planets continued to be based on the following values of the constants 
that were in use immediately prior to the introduction of the [AU (1964) System. 


Solar parallax 8”: 80 
Light-time for unit distance 498°. 38 
Constant of aberration 20”-47 
Mass ratio 

Sun /(Earth + Moon) 329 390 


Earth / Moon (planetary theory) 81-45 


K6 ASTRONOMICAL CONSTANTS 


IAU (1976) System of Astronomical Constants 
Units: 

The units meter (m), kilogram (kg), and second (s) are the units of length, mass, and 
time in the International System of Units (SI). 


The astronomical unit of time is a time interval of one day (D) of 86400 seconds. An 
interval of 36525 days is one Julian century. 


The astronomical unit of mass is the mass of the Sun (S). 


The astronomical unit of length is that length (A) for which the Gaussian 
gravitational constant (k) takes the value 0-017 20209895 when the units of 
measurement are the astronomical units of length, mass, and time. The dimensions of k? 
are those of the constant of gravitation (G), i.e., L’> M~! T~?. The term “unit distance” is 
also used for the length A. 


In the preparation of the ephemerides and the fitting of the ephemerides to all the 
observational data available, it was necessary to modify some of the constants and 
planetary masses. The modified values of the constants are indicated in brackets 
following the (1976) System values. 


Defining constants: 


1. Gaussian gravitational constant k = 0-017 202 098 95 
2. Speed of light c = 299 792 458 ms? 
Primary constants: 

3. Light-time for unit distance T, = 499-004 782s 
[499-004 7837. . .] 

4. Equatorial radius for Earth a, = 6378 140 m 

(IUGG value a, = 6378 137 m] 

5. Dynamical form-factor for Earth J, = 0-001 082 63 

6. Geocentric gravitational constant GE = 3-986 005 x 10'* m3 s~? 
[3-986 004 48... x 1014] 

7. Constant of gravitation G = 66729010; | m*> kgs* s~2 

8. Ratio of mass of Moon to that of Earth ph = 0-012 300 02 


[0-012 300 034] 
9. General precession in longitude, per Julian 


century, at standard epoch 2000 p = 5029”-0966 
10. Obliquity of the ecliptic, at standard 
epoch 2000 & = 23° 26’ 21”-448 


[23° 26’ 21”-4119] 
Derived constants: 
11. Constant of nutation, at standard 


epoch 2000 N = 9".2025 
12. Unit distance Cts = A = 1-495 978 70 x 10'! m 
[1-495 978 706 6 x 10'"] 
13. Solar parallax arcsin (a, / A) = Mo = 8"-794 148 
14. Constant of aberration, for 
standard epoch 2000 k = 20"-49 552 
15. Flattening factor for the Earth f = 0-003 352 81 
= }'/ 298-257 
16. Heliocentric gravitational constant A*k*/ De GS = 1°32 7-124 38 x 1072 m° $72 
[1-327 12840" 6 ox 1077 
17. Ratio of mass of Sun to that (GS) /(GE) = S/ E = 332 946-0 
of the Earth [332 946-038 . . .J 
18. Ratio of mass of Sun to that (S/E)/(1 + pw) = 328 900-5 
of Earth + Moon [328 900-55] 


19. Mass of the Sun (GS)/G = S = 1-9891 x 10°° kg 


ASTRONOMICAL CONSTANTS K7 


IAU (1976) System of Astronomical Constants (continued) 


20. System of planetary masses 
Ratios of mass of Sun to masses of the planets 


Mercury 6 023 600 Jupiter 1 047-355 [1 047-350] 
Venus 408 523-5 Saturn 3498-5 [3 498-0] 
Earth + Moon 328 900-5 Uranus 22 869 [22 960] 
Mars 3 098 710 Neptune 19 314 

Pluto 3 000 000 [130 000 000] 


Other Quantities for Use in the Preparation of Ephemerides 


It is recommended that the values given in the following list should normally be used in the 
preparation of new ephemerides. 


21. Masses of minor planets 


Minor planet Mass in solar mass 
(1) Ceres 5-9 x10 1° 
(2) Pallas LeixO™ 1° [OST x10 24] 
(4) Vesta ex picsg 9x0 ae 
22. Masses of satellites 
Planet Satellite Satellite / Planet 
Jupiter Io 4-70 x 10° > 
Europa 2:56. l0n; 
Ganymede 7-84 x 107° 
Callisto 5-6 x 10~° 
Saturn Titan 2-44 10.7 
Neptune Triton 2x40 a2 
23. Equatorial radii in km 
Mercury 2 439 Jupiter 71 398 Pluto 2 500 
Venus 6 052 Saturn 60 000 
Earth 6 378-140 Uranus 25 400 Moon 1 738 
Mars 3 397-2 Neptune 24 300 Sun 696 000 
24. Gravity fields of planets 
Planet lf J; J, 
Earth +0-001 082 63 —0-254 x 107° —0-161 x 107° 
Mars + 0-001 964 +0-36 x 10°4 
Jupiter + 0-014 75 —0-58 x 1077 
Saturn +0-016 45 —0-10 x 107? 
Uranus +0-012 
Neptune +0-004 


(Mars: C,,=—0-000055, S,,=+0-000031, S3, = +0-000 026) 
25. Gravity field of the Moon 


y = (B — A)/C = 0-000 2278 C/MR? = 0-392 
B =(C — A)/B = 0-000 6313 [25552 -Jearle 32) 32°27 
C29 = —0-000 2027 C3 = —0-000 006 C3, = + 0-000 0048 
C,, = + 0-000 0223 C3, = +0-000 029 S3 = +0-000 0017 
S,, = +0-000 004 C33; = + 0-000 0018 


S,, = —0-000 001 


K8& REDUCTION OF TIME SCALES, 1620-1819 
Ad.=Ed UL 

Year AT Year AT Year AT Year AT Year AL 

S S s S S 
1620:0 +124 1660:0 +37 1700:0 +49 1740:0 +12 1780:6 +17 
1621 119 1661 36 1701 9 1741 12 1781 17 
1622 aS 1662 35 1702 9 1742 12 1782 17 
1623 110 1663 34 1703 9 1743 12 1783 17 
1624 106 1664 33 1704 9 1744 13 1784 iw 
1625:0 +102 1665:0 +32 1705:0 +49 1745-0 +13 1785-0 +17 
1626 98 1666 31 1706 9 1746 13 1786 7 
1627 95 1667 30 1707 9 1747 13 1787 17 
1628 91 1668 28 1708 10 1748 13 1788 17 
1629 88 1669 27 1709 10 1749 13 1789 17 
1630:0 + 85 1670:0 +26 1710:0 +10 1750:0 > +13 1790-0 +17 
1631 82 1671 25 1711 10 1751 14 1791 17 
1632 79 1672 24 Wid 10 S52 14 1792 16 
1633 Wi 1673 we 1713 10 1753 14 1793 16 
1634 74 1674 22 1714 10 1754 14 1794 16 
163540 eee 2 1675:0 +21 1715-0 +10 17550) sek l'4 1795-0 +16 
1636 70 1676 20 1716 10 1756 14 1796 15 
1637 67 1677 19 VAT 11 1757 14 1797 LS 
1638 65 1678 18 1718 11 1758 15 1798 14 
1639 63 1679 17 1719 11 1759 15 1799 14 
1640:0 + 62 1680:0 +16 1720:0 +11 1760:0 +15 1800-0 +13-7 
1641 60 1681 15 1721 11 1761 15 1801 13-4 
1642 58 1682 14 22 11 1762 15 1802 13-1 
1643 57 1683 14 1723 11 1763 15 1803 12:9 
1644 55 1684 13 1724 11 1764 15 1804 12-7 
1645-0 + 54 1685-0 +12 1725:0 +11 1765:0 +16 1805:0 +12:6 
1646 53 1686 12 1726 11 1766 16 1806 12:5 
1647 51 1687 11 1727 11 1767 16 1807 12:5 
1648 50 1688 11 1728 11 1768 16 1808 12°5 
1649 49 1689 10 1729 11 1769 16 1809 12:5 
1650:0 + 48 1690:0 +10 1730-0. +11 1770:0... +16 1810-0 +12:5 
1651 47 1691 10 1731 11 1771 16 1811 12-5 
1652 46 1692 9 1732 11 V7ae2 16 1812 12°5 
1653 45 1693 9 1733 11 L773 16 1813 12:5 
1654 44 1694 9 1734 12 1774 16 1814 12:5 
1655:0 + 43 1695:0 +9 1735:0 +12 1775:0° “+17 1815-0 +12-5 
1656 42 1696 9 1736 12 1776 17 1816 12:5 
1657 41 1697 9 1737 12 iehapyy 17 1817 12-4 
1658 40 1698 9 1738 12 1778 IV 1818 12-3 
1659-0 + 38 1699:0 +49 1739:0 +12 177 920m al 1819-0 +12:-2 


This table is based on an adopted value of —26"/cy’ for the tidal term (7) in the mean motion 
of the Moon from the results of analyses of observations of lunar occultations of stars, eclipses of 
the Sun, and transits of Mercury. (See F. R. Stephenson and L. V. Morrison, 1984, Phil. Trans. R. 
Soc. London, in press.) 

To calculate the values of AT for a different value of the tidal term (n’), add 

—0-000 091 (n' +26)(year — 1955)? seconds 


to the tabulated values of AT. 


1320-1983, AT = ERAUT: 


Year Ave 


1820-0 +12-0 


1821 Ig kee 
1822 11-4 
1823 11-1 
1824 10-6 
1825-0 +10:2 
1826 9-6 
1827 Lie! 
1828 8-6 
1829 8-0 
1830-0 + 7:5 
1831 7-0 
1832 6:6 
1833 6:3 
1834 6:0 
eka he Sey. 
1836 = iw | 
1837 56 
1838 5-6 
1839 5-6 
1840:0 + 5-7 
1841 5-8 
1842 a9 
1843 6-1 
1844 6:2 
1845-0 + 63 
1846 6:5 
1847 6:6 
1848 6°8 
1849 6:9 
1350-0 2-aih 
1851 iy” 
1852 ies 
1853 7-4 
1854 Hes) 
1855:0 +2 7-6 
1856 Jer 
1857 ne 
1858 7:8 
1859-0 + 28 


REDUCTION OF TIME-SCALES FROM 1820 


Year 


1860-0 
1861 
1862 
1863 
1864 


1865-0 
1866 
1867 
1868 
1869 


1870-0 
1871 
1872 
1873 
1874 


1875-0 
1876 
1877 
1878 
1879 


1880-0 
1881 
1882 
1883 
1884 


1885-0 
1886 
1887 
1888 
1889 


1890-0 
1891 
1892 
1893 
1894 


1895-0 
1896 
1897 
1898 
1899-0 


a 


-+ 


++ 


AT 

Ss 
7:88 
7:82 
7:54 
6:97 
6-40 


6-02 
5-41 
4-10 
292 
1-82 


1-61 
0-10 
1-02 
1:28 
2°69 


3:24 
3-64 
4:54 
4-71 
5-11 


5:40 
5:42 
5:20 
5:46 
5:46 


aaa he) 
5-63 
5-64 
5:80 
5-66 


5:87 
6-01 
6:19 
6:64 
6:44 


6:47 
6-09 
5:76 
4-66 
3-74 


Year AT 
Ss 
1900-0 — 2:72 
1901 1:54 
1902 — 0-02 
1903 + 1:24 
1904 2:64 
1905-0 + 3-86 
1906 a3 
1907 6:14 
1908 7:75 
1909 9-13 
1910-0 +10-46 
1911 11:53 
1912 13-36 
1913 14-65 
1914 16-01 
1915-0 +17-20 
1916 18:24 
1917 19-06 
1918 20:25 
1919 20-95 
1920-0 +21-16 
1921 2225 
1922 22:41 
1923 23-03 
1924 23-49 
1925-0 +23-62 
1926 23°86 
1927 24-49 
1928 24:34 
1929 24-08 
1930-0 +24-02 
1931 24:00 
1932 23-87 
1933 23-95 
1934 23-86 
1935-0 +23-93 
1936 TW 
1937 23-92 
1938 23:96 


1939-0 +24-02 


From 1990 onwards, AT is for Jan. 1 08 UTC. 


See page B4 for a summary of the notation for time-scales. 


Year JA\ GE 


S 
1940-0 +24-33 


1941 24:83 
1942 25-30 
1943 25-70 
1944 26:24 
1945-0 +26-77 
1946 27:28 
1947 21-18 
1948 28:25 
1949 Ze id. 
1950-0 429-15 
1951 ZOO 
1952 29-OF 
1953 30-36 
1954 30-72 
1959-0 “4231207 
1956 S15) 
1957 31-68 
1958 32:18 
1959 32:68 
1960-0 +33-15 
1961 RE) 
1962 34-00 
1963 34-47 
1964 35-03 
1965-0 13 
1966 36:54 
1967 37-43 
1968 38-29 
1969 39-20 
1970-0 +40-18 
1971 41-17 
LOR2 42:23 
1973 43-37 
1974 44-49 
1975-0 +45-48 
1976 46:46 
Pot 47-52 
1978 48-53 
1979-0 +49-59 


FROM 1984, AT = TDT — UT. 


Year AM 
s 
1980-0 +50-54 
1981 51:38 
1982 52:17 
1983 52-96 
1984 $3-79 


1985:0 +54-34 
1986 54-87 
1987 2 
1988 55-82 
1989 56-30 


1990-0 +56:86 
ee SST 
1992 58°31 
1993 59-17 
1994S 0e59-9§ 


1995-0 +60:78 
1996:0 +61:63 


Extrapolated 


LOOT 1) cbs 
1998 64 
1999 +65 
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Difference 
TAI-UTC 


Date 

1972 Jan. 1 
1972 July 1 
1973 Jan. 1 
1974 Jan. 1 
1975 Jan. 1 
1976 Jan. 1 
1977 Jan. 1 
1978 Jan. 1 
1979 Jan. 1 
1980 Jan. 1 
1981 July 1 
1982 July 1 
1983 July 1 
1985 July 1 
1988 Jan. 1 
1990 Jan. 1 
1991 Jan. 1 
1992 July 1 
1993 July 1 
1994 July 1 
1996 Jan. 1 


AAT 


Sy 
+10-00 
+11-00 
+1200 
+13-00 
+14-00 
+15-00 
+16-00 
+17-00 
+18-00 
+19-00 
+20-00 
+21-00 
+22:00 
+2300 
+24-00 
+25-00 
+26-00 
+27-00 
+28-00 
+29-00 
+30-00 


In critical cases descend 


AET 
As 


= AAT + 325184 
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Date x 
1970 " 
Jan. 1 —0-140 
Apr. 1 —0-097 
July 1 +0-139 
Oct. 1 +0-174 
1971 

Jan. 1 —0-081 
Apr. 1 —0-199 
July 1 +0-050 
Oct. 1 +0:249 
1972 

Jan. 1 +0-045 
Apr. 1 —0-180 
July 1 —0-031 
Oct. 1 +0-142 
1973 

Jan. 1 +0-129 
Apr. 1 —0-035 
July 1 —0-075 
Oct. 1 +0-035 
1974 

Jan. 1 +0-145 
Apr. 1 +0-037 
July 1 +0-014 
Oct. 1 +0-002 
1975 

Jan. 1 —0-055 
Apr. 1. +0-027 
July 1 +0-151 
Oct. 1 +0-063 
1976 

Jan. 1 —0-145 
Apr. 1 —0-091 
July 1 +0-159 
Oct. 1. +0-227 
1977 

Jan. 1 —0-065 
Apr. 1 —0-226 
July 1 +0-085 
Oct. 1 +0-281 
1978 

Jan. 1 +0-007 
Apr. 1 —0-231 
July 1 —0-042 
Oct. 1 +0:236 


The angles x, y, 
been taken from 


¥ 


+0144 
+0:397 
+0-405 
+0:125 


+0-026 
+0:313 
0:53 
+0:263 


+0-050 
+0-174 
+0-409 
+0:344 


+0:139 
+0): 129 
+0:286 
+0:347 


aU Za 
+0-185 
+0216 
BO: 225 


+0:281 
+0:344 
+0:249 
+0-115 


+0:204 
+0-399 
+0:390 
+0:158 


+0:076 
=a 32 
+0-500 
+0-230 


+0-015 
+0-240 
+0-483 
+0:353 


Date 


1979 

Jan. 1 
Apr. 1 
July 1 
Oct eal 


1980 
Jan. 
Apr. 
July 
Oct. 


1981 
Jan. 1 
Apr. 1 
July 1 
Oct. 1 
1982 
Jan. 1 
Apr. 1 

1 

1 


— ps pe 


July 
Oct. 


1983 
Jan. 
Apr. 
July 
Oct. 


1984 
Jan. 
Apr. 
July 
Oct. 


1985 
Jan. 
Apr. 
July 
Oct 


1986 

Jan. 1 
Apr. I 
July 1 
Oct. 1 


1987 

Jan. 1 
Apr. 1 
July 1 
Oetiel 


oe 


— SS — 


aa 


Xx 


+0-140 
O10), 
—0-117, 
+0-092 


+-0°129 
+0-014 
—0:044 
—0-006 


+0-056 
+0-088 
+0-075 
—0-045 


Ud! 
+0-093 
0-231 
+0-036 


0-211 
—0-069 
+0-269 
0-235 


0-125, 
=0:211 
t0-119 
+0:313 


+0:051 
—0-196 
—0-044 
+0:214 


+0:187 
—0-041 
—0-075 
+0:062 


+0-146 
+0-096 
—0-003 
~0:053 


y 
+0-076 
+0-133 


+0:351, 


+0-408 


ee) 2a 
+0:189 
+0:-280 
+0-338 


+0:361 
+0-285 
+0-209 
+0:210 


+0:378 
+0:431 
+0-239 
+0-060 


+0:249 
+0:538 
+0:-436 
+0:069 


+0-089 
+0-410 
+0:543 
+0:246 


+0-025 
+0:220 
+0:482 
+0-404 


+0:072 
40-139 
+0-324 
+0:395 


+0:315 
0212 
+0-208 
40-295 


Date 


1988 

Nation 
Apr. 1 
July 1 
OGine 


1989 

Jan. 1 
Apr. 1 
July 1 
Oct. 1 


1990 

Feaneeel 
Dik 
July 1 
Oct. 1 


1991 

Jan. 1 
Apr. 1 
Uray a 
Octal 


1992 

Jan. 1 
Apr. 1 
July 1 
Oct. 1 


1993 

Jan. 1 
Apr. 1 
July 1 
Oct. 


1994 

Jan. 1 
Apr. 1 
July 1 
Oc 


1995 

Jan. 1 
Apr. 
July 1 
Osi ol) 


1996 
Jan. 1 
Apr. 1 


x 


—0-023 
+0:134 
+O-4 71 
+0-011 


a) he, 
+0-028 
+0-238 
+0-167 


a Vy eps 
—0-154 
+0-161 
+0:297 


+0-023 
sei? 
—0-033 
+0-250 


+0-182 
—0-083 
—0-142 
+0-055 


+0-208 
+0-115 
—0-062 
—0-095 


+0-010 
+0:174 
+0-137 
—0-066 


—0:154 
+0-032 
+0:280 
+0:158 


—0:176 
= eba 


y 


+0:414 
+0-407 
+0:253 
+0:132 


+0-316 
+0-482 
+0:-369 
+0:106 


+0-165 
+0-469 
+0:542 
+0:-243 


+0-069 
+0:281 
+0-560 
+0:436 


+0-168 
+0-162 
+0:378 
+0:503 


+AE3O9 
+0:170 
+0-209 
+0-370 


+0-476 
ot ee 
+0212 
+0-199 


+0:418 
+0:558 
+0:384 
+0:106 


“0191 
+0-506 


are defined on page B60. From 1988 the values of x and y have 
the IERS Bulletin B, published by the Bureau Central de LIERS, 
Observatoire de Paris, 61 Avenue de I’Observatoire, F-75014 Paris, France. 
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Introduction 


In the reduction of astrometric observations of high precision it is necessary to 
distinguish between several different systems of terrestrial coordinates that are used 
to specify the positions of points on or near the surface of the Earth. The formulae 
on page B60 for the reduction for polar motion give the relationships between the 
representations of a geocentric vector referred to the celestial reference frame of the true 
equator and equinox of date and to the current conventional terrestrial reference frame, 
which is the IERS Terrestrial Reference Frame (ITRF). The ITRF has been published 
annually since 1989 in the form of the geocentric rectangular coordinates of about 200 
reference points around the world, mostly VLBI, SLR and GPS stations. The ITRF 
axes are consistent with the axes of thé former BIH Terrestrial System (BTS) to within 
+0005, and the BTS was consistent with the earlier Conventional International Origin 
(CIO) to within +003 The use of rectangular coordinates is precise and unambiguous, 
but for some purposes it is more convenient to represent the position by its longitude, 
latitude and height referred to a reference spheroid (the term “spheroid” is used here 
in the sense of an ellipsoid whose equatorial section is a circle and for which each 
meridional section is an ellipse). The precise transformation between these coordinate 
systems is given below. The spheroid is defined by two parameters, its equatorial radius 
and flattening (usually the reciprocal of the flattening is given). The values used should 
always be stated with any tabulation of spheroidal positions, but in case they should 
be omitted a list of the parameters of some commonly used spheroids is given in the 
table on page K13. For work such as mapping gravity anomalies it is convenient 
that the reference spheroid should also be an equipotential surface of a reference 
body that is in hydrostatic equilibrium, and has the equatorial radius, gravitational 
constant, dynamical form factor and angular velocity of the Earth. This is referred to 
as a Geodetic Reference System (rather than just a reference spheroid). It provides a 
suitable approximation to mean sea level (i.e. to the geoid), but may differ from it by 
up to 100m in some regions. 


Reduction from geodetic to geocentric coordinates 


The position of a point relative to a terrestrial reference frame may be expressed in 


three ways: (j) geocentric equatorial rectangular coordinates, x, y, Z; 


(ii) geocentric longitude, latitude and radius, A, ¢’, p; 
(iii) geodetic longitude, latitude and height, A, ¢, h. 


Z-axis 


O is centre of Earth 
OA = equatorial radius, a 
OB = polar radius, b 
=a(1—f) 
OP = geocentric radius, ap 
PQo is normal to the reference spheroid 


QoQ: = aS 


QoQ2 = aC 
@ = geodetic latitude 
g~’ = geocentric latitude 
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The geodetic and geocentric longitudes of a point are the same, while the relationship 
between the geodetic and geocentric latitudes of a point is illustrated in the figure 
on page K11, which represents a meridional section through the reference spheroid. 
The geocentric radius p is usually expressed in units of the equatorial radius of 
the reference spheroid. The following relationships hold between the geocentric and 
geodetic coordinates: 

x =apcos¢q¢'cosd = (aC +h) cos¢ cosd 

y=apcos¢’sind = (aC +h) cos¢ sind 

z=ap sing’ = (aS +h) sing 
where a is the equatorial radius of the spheroid and C and S are auxiliary functions 
that depend on the geodetic latitude and on the flattening f of the reference spheroid. 
The polar radius b and the eccentricity e of the ellipse are given by: 


b=a(l—f) ee =2f—f? or T-#@ =(1—fy 


It follows from the geometrical properties of the ellipse that: 


C={cos’ $+ (1—fy sin’? g} 2 S=(1— fC 
Geocentric coordinates may be calculated directly from geodetic coordinates. The 
reverse calculation of geodetic coordinates from geocentric coordinates can be done in 
closed form (see for example, Borkowski, Bull. Geod. 63, 50-56, 1989), but it is usually 
done using an iterative procedure. An iterative procedure for calculating 4, ¢, h from 
x, y, z 1s as follows: 


Calculate: A=tanh(y/x).. r=? +y)? 8 =2f.— f? 
Calculate the first approximation to ¢@ from: g@ =tan7!(z/r) 


Then perform the following iteration until ¢ is unchanged to the required precision: 
g=o > CH=(1—-e sind)? gb =tan '((z + aCe’ sind;)/r) 
Then: h=r/cos@—aC 
Series expressions and tables are available for certain values of f for the calculation 
of C and S and also of p and ¢ -- ¢’ for points on the spheroid (h = 0). The quantity 
ob — qd’ is sometimes known as the “reduction of the latitude” or the “angle of the 
vertical”, and it is of the order of 10’ in mid-latitudes. To a first approximation when 
h is small the geocentric radius is increased by h/a and the angle of the vertical is 
unchanged. The height h refers to a height above the reference spheroid and differs 
from the height above mean sea level (i.e. above the geoid) by the “undulation of the 
geoid” at the point. 


Other geodetic reference systems 


In practice most geodetic positions are referred either (a) to a regional geodetic 
datum that is represented by a spheroid that approximates to the geoid in the region 
considered or (b) to a global reference system that is defined for a particular system 
of measurement (e.g. a satellite navigation system). Data for the reduction of such 
geodetic coordinates to the conventional reference frame are currently undergoing 
revision, mostly using GPS surveying. Lists of such data are available in the relevant 
geodetic publications, but it is hoped that the following notes and formulae and data 
will be useful. 


(a) Each regional geodetic datum is specified by the size and shape of an adopted 
spheroid and by the coordinates of an “origin point”. The principal axis of the 
spheroid is generally close to the mean axis of rotation of the Earth, but the centre 
of the spheroid may not coincide with the centre of mass of the Earth, The offset is 
usually represented by the geocentric rectangular coordinates (xo, yo, Zo) of the centre 
of the regional spheroid. The reduction from the regional geodetic coordinates (A, ¢, h) 
to the geocentric rectangular coordinates referred to the conventional reference frame 
(and hence to the geodetic coordinates relative to a reference spheroid) may then be 
made by using the expressions: 
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xX = X09 +(aC +h)cos dcoss 
y=yot (aC +h)cos¢ sind 
z=2z+(aS +h)sing 


(b) The global reference systems for the various space techniques of measurement 
differ slightly, although all give good approximations to the conventional reference 
frame. The transformations from one system to another involve translation, rotation 
and scaling (i.e. 7 parameters in all) and some of these are given in IERS Technical 
Note 13, Observatoire de Paris (IERS Standards (1992)). 


The space technique GPS is now widely used for position determination. Since 
January 1987 the broadcast orbits of the GPS satellites have been referred to the 
WGS84 terrestrial frame, and so positions determined using these orbits will also be 
referred to this frame. The parameters of the spheroid used are listed below, and the 
frame is defined to agree with the BIH frame. However the realisation of the frame 
depends on how well the coordinates actually adopted for the monitor stations do 
actually agree with the BIH (and later ITRF) frame. The IERS Standards (1992) 
gives the transformation from WGS84 to ITRF, involving centre offsets of up to 0-5m, 
rotations about the axes of up to 0/02, and a scale difference of 1:1 x 1078. 


GEODETIC REFERENCE SPHEROIDS 


Equatorial Reciprocal of Gravitational Dynamical Form Ang. Velocity 


Name and Date Radius, a _ Flattening, 1/f Constant, GM Factor, J of earth, w 
m 10!4m3s~2 10-5rad s7! 
WGS 84 637 8137 298-257 223563 3-986005 000108263 7:292115 
MERIT 1983 8137 298-257 — —_ oe 
GRS 80 (IUGG, 1980)t 8137 298-257 222 3-986 005 0:00108263 7:292115 
IAU 1976 8140 298-257 3-986 005 0:001 082 63 — 
South American 1969 8160 298-25 — — — 
GRS 67 (IUGG, 1967) 8160 298-247 167 3-986 03 0-001 0827 7-292 115 1467 
Australian National 1965 8160 298-25 _ a= — 
IAU 1964 8160 298-25 3-986 03 0:001 0827 7:292 1 
Krassovski 1942 8245 298-3 = _ — 
International 1924 (Hayford) 8388 Zo — — — 
Clarke 1880 mod. 8249-145 293-4663 — == a 
Clarke 1866 8206-4 294-978 698 — — == 
Bessel 1841 7397-155 299-152 813 — = = 
Everest 1830 7276:345 300-801 7 — — = 
Airy 1830 637 7563-396 299-324 964 a — — 


TH. Moritz, Geodetic Reference System 1980, Bull. Géodésique, 58(3), 388-398, 1984. 


Astronomical coordinates 

Many astrometric observations that are used in the determination of the terrestrial 
coordinates of the point of observation use the local vertical, which defines the zenith, 
as a principal reference axis; the coordinates so obtained are called “astronomical 
coordinates”. The local vertical is in the direction of the vector sum of the acceleration 
due to the gravitational field of the Earth and of the apparent acceleration due to the 
rotation of the Earth on its axis. The vertical is normal to the equipotential (or level) 
surface at the point, but it is inclined to the normal to the geodetic reference spheroid; 
the angle of inclination is known as the “deflection of the vertical”. 

The astronomical coordinates of an observatory may differ significantly (e.g. by as 
much as 1’) from its geodetic coordinates, which are required for the determination 
of the geocentric coordinates of the observatory for use in computing, for example, 
parallax corrections for solar system observations. The size and direction of the 
deflection may be estimated by studying the gravity field in the region concerned. 
The deflection may affect both the latitude and longitude, and hence local time. 
Astronomical coordinates also vary with time because they are affected by polar 
motion (see page B60). 
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INTRODUCTION AND NOTATION 


The interpolation methods described in this section, together with the accompanying 
tables, are usually sufficient to interpolate to full precision the ephemerides in this 
volume. Additional notes, formulae and tables are given in the booklets Interpolation 
and Allied Tables and Subtabulation (see p. ix) and in many textbooks on numerical 
analysis. It is recommended that interpolated values of the Moon’s right ascension, 
declination and horizontal parallax are derived from the daily polynomial! coefficients 
that are provided for this purpose on pages D23—D45. 


f, denotes the value of the function f(t) at the time t = ty + ph, where his the interval of 
tabulation, ty is a tabular argument, and p = (t — t,)/h is known as the interpolating 
factor. The notation for the differences of the tabular values is shown in the following 
table; it is derived from the use of the central-difference operator 6, which is defined by: 


of 7. Sn+12 ihre yo 
The symbol for the function is usually omitted in the notation for the differences. Tables 
are given for use with Bessel’s interpolation formula for p in the’ range 0 to +1. The 
differences may be expressed in terms of function values for convenience in the use of 
programmable calculators or computers. 


Arg. Function Differences 
[Ist 2nd 3rd 4th 

ty f-2 O2 O12 =hi — fo 

0_ 3/2 2 3/2 "06 = 1/2 = 1/2 
t_y pie sy 644 = fy —22face fa: 

0-4/2 SP) 06 + ot = fy Cit to + fa4 
lo fo 56 06 Ot). = 05 — 06 

01/2 Op ; = fy a 3h, Of, sles 
tay Ses or : ot 09 = di)2 ay * 12 

03/2 63/0 =f, —4f, + fo — 47-1, +f-2 
tra S42 63 Oo, + 0; = f, U8 + 2f, + 2fo.— 3f eres 


p = the interpolating factor = (t — to)/(t; — to) = (t — to) /h 


BESSEL’S INTERPOLATION FORMULA 


In this notation Bessel’s interpolation formula is: 
f, = fo + P12 + Bz (63 + 07) + By 6}, 4 BY OFF 07) + 


where B, = p(p—1)/4 B, = p(p — 1) (p — 9)/6 
B, = (p + 1) p(p — 1) (p — 2)/48 


The maximum contribution to the truncation error of f,. for 0 < p < 1, from neglecting 
each order of difference is less than 0-5 in the unit of the end figure of the tabular function 
if 

67> <4 d° < 60 6* < 20 6° < 500. 


The critical table of B, opposite provides a rapid means of interpolating when 6? is less 
than 500 and higher-order differences are negligible or when full precision is not 
required. The interpolating factor p should be rounded to 4 decimals, and the required 
value of B, is then the tabular value opposite the interval in which p lies, or it is the value 
above and to the right of p if p exactly equals a tabular argument. B, is always negative. 
The effects of the third and fourth differences can be estimated from the values of B, and 
B, given in the last column. 
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INVERSE INTERPOLATION 


Inverse interpolation to derive the interpolating factor p, and hence the time, for which 
the function takes a specified value f, is carried out by successive approximations. The 
first estimate p, i i : 

P, is obtained from Pi = (fp —fo)/ 61) 


This value of p is used to obtain an estimate of B,, from the critical table or otherwise, 
and hence an improved estimate of p from: 
P = Pp, — B, (65 + 63) / 61/2 


This last step is repeated until there is no further change in B, or p; the effects of higher- 
order differences may be taken into account in this step. 


CRITICAL TABLE FOR B, 


p B, p B, p B, p B, p B, p Bs 
0.0000 = 01101 = 0.2719 = 0.7280 = 0.8898 = 0-0 0-000 
0-0020 ‘Soy «01152 “5, «02809 057 0.7366 "Mag 0894924 Od +0.006 
0-0060 ‘py, «01205 "Gne0-2902 02) so. 7449 “8 0.900083 020.008 
O-0101 jn, «01258 9g ©—s« 030002 0.7529 7 0.9049 0229.3 0.007 
0.0142 0.1312 0.3102 0.7607 0.9098 0-4 +0-004 

004 029 054 045 020 
0.0183 0.1366 0.3211 0.7683 0.9147 

-005 030 055 044 019 0-5. 0-000 
00025 Tae. , 014206,  0-3326 Pee 107756 fa, -0 0.0195 Ol 
O0267 Gyr | 01478 Po) <n Wv84sOy Cee 1p, (07828 fas ~oloza2 OTP 9 wo.6 0.004 
O03007 50) 1015350 )7, | Osseo nee FOmegs fe IMGODRO 1) BOT 0.6) 
0-0352 "fy, «0159403203735. 071966 hay 09335 pte! 0B, yp (0-008 
0.0395 org 1 xca0s 1653: na aet «08904 topes ty 08033: amt, arneO-938lo prec: «11099 03008 
O04 OTIS Gre NOsTODE er | OONS Pee 09427 Gia 0. , 0000 
0-0483 G15 «1775 “pa — 0-367 few «018162 p08 DP noaT2 “Or 
0.0527 015 yp npO-183T gan | y2it8632 pe shar <P82OA eae a Y NOSIS 4 p By 
0.0572 013 0.1901 fay «05894 "Pen 08286 Fae 0956001, 000.000 
0-0618 pre 01966 H30 —0-6095 POP 0.8346 "83 «09604 PN) OL +0-004 
0.0664 015 0.2033 ‘0.6264 052-805 38 0.9647 020-007 
0.0710 019 02101 ‘Syn «41 “PSE O.8464 “0.96900 030.010 
0.0757 | 0.2171 0.6549 0.8521 0.9732 0-4 0-011 

018 043 056 031 006 
0.0804 0.2243 0.6673 0.8577 0.9774 

019 044 055 030 005 0.5. +0-012 
G05 po, O86 pas OGTR, ORD, 09816 
0-0901 720 0.2392 M42 0-6897 0250-8687", 0.9857 "gO. 
0.0950 021 0.2470 ‘MS 7000933 874198 0.989809) 070-010 
0-100 052 0.2550 "a, 07097 027 0.8794 YF 0.9939 ‘ATO 0-007 
0-1050 723 0.2633 “Mag «07190208847 "oe 09979 “Foy 0:9 +0004 
0-101 ° 0.2719 0.7280 0.8898 1.0000 1:0 0-000 


In critical cases ascend. B, is always negative. 
POLYNOMIAL REPRESENTATIONS 
It is sometimes convenient to construct a simple polynomial representation of the 
form f, = 4, +4,p+@,p° + dsp" + a,p° +>» 
which may be evaluated in the nested form 
fp = (a4 P + 43) P + 42) P + 44) D + A 


Expressions for the coefficients ay, a,, . .. may be obtained from Stirling’s interpolation 
formula, neglecting fifth-order differences: 

a, = 05/24 a, = 65/2 - 4a, Ay = fo 

as" (53/2 i 6* 4/2)/12 a, = (64/2 + 6_4)2)/2— 43 


This is suitable for use in the range —4 < p < +3, and it may be adequate in the range 
—2 <p <2, but it should not normally be used outside this range. Techniques are 
available in the literature for obtaining polynomial representations which give smaller 
errors over similar or larger intervals. The coefficients may be expressed in terms of 
function values rather than differences. 
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EXAMPLES 


To find (a) the declination of the Sun at 16" 23" 14°-8 TDT on 1984 January 19, (b) the 
right ascension of Mercury at 17" 21™ 16°-8 TDT on 1984 January 8, and (c) the time on 
1984 January 8 when Mercury’s right ascension is exactly 18" 04™. 

Difference tables for the Sun and Mercury are constructed as shown below, where the 
differences are in units of the end figures of the function. Second-order differences are 
sufficient for the Sun, but fourth-order differences are required for Mercury. 


1984 Sun 1984 Mercury 
Jan Dec. ri) 6? Jan R.A. 6 SY GR grkn GF 
18 —20°44’ 4873 6 18°10™ 10-12 
+7212 — 18709 
19 —20 32 47-1 +233 7 18 07 03-03 +4299 
+7445 — 14410 —16 
20 —20 20 22-6 +230 8 18 04 38-93 +4283 — 104 
+7675 — 10127 — 120 
21 —20 07 35-1 9 18 02 57-66 +4163 —76 
— 5964 — 196 
10 18 O01 58-02 +3967 
— 1997 


11 18 01 38-05 


(a) Use of Bessel’s formula 
The tabular interval is one day, hence the interpolating factor is 0-68281. From the 
critical table, B, = — 0-054, and 


fy = ~ 20° 32’ 47"-1 + 0-68281 (+ 744-5) — 0-054 (+23”-3 + 23”-0) 
= 00? Ja 21" 


(b) Use of polynomial formula 
Using the polynomial method, the coefficients are: 


a, = —1°-04/24 = —0°-043 a, = (—101%-27 — 1448-10) /2 + 0°-113 = —122°-572 
a, = (—1%-20 — 0°-16)/12 = —0°-113 Ay = 18" + 2785.93 

a, = + 42°-83/2 + 08-043 = + 218-458 

where an extra decimal place has been kept as a guarding figure. 


Then f, = 18" + 278°-93 — 122°.572p + 21°-458p? — 0*-113p* — 0°-043p* 
The interpolating factor p = 0-72311, hence f, = 18" 03™ 21-46 


(c) Inverse interpolation 
Since f, = 18" 04™ the first estimate for p is: 


Pp, = (18° 04™ — 18 04™ 388.93) /(— 101-27) = 0-38442 
From the critical table, with p = 0-3844, B, = —0-059. Also 
(56 + 57) /64. = (442-83 + 41-63) /(— 101-27) = —0-834 
The second approximation to p is: 
p = 0-38442 + 0-059 (—0-834) = 0-33521 which gives t = 8" 02™ 42s: 
as a check, using the polynomial found in (b) with p = 0-33521 gives 
f, = 18" 04™ 008-25. 


The next approximation is B, = —0-056 and p = 0-38442 + 0-056 (— 0-834) = 0-33772 
which gives t = 8" 06™ 19°; using the polynomial in (b) with p = 0-33772 gives 


f, = 18" 03™ 59°.98, 


INTERPOLATION METHODS K17 


SUBTABULATION 


Coefficients for use in the systematic interpolation of an ephemeris to a smaller interval 
are given in the following table for certain values of the ratio of the two intervals. The table 
is entered for each of the appropriate multiples of this ratio to give the corresponding 
decimal value of the interpolating factor p and the Bessel coefficients. The values of p are 
exact or recurring decimal numbers. The values of the coefficients may be rounded to suit 
the maximum number of figures in the differences. 


BESSEL COEFFICIENTS FOR SUBTABULATION 


Ratio of intervals Bessel Coefficients 
5 5 4 $ é 3 6 5 30 34 20 Pp B, B, B, 
1 0-025 —0-006094 0.00193 0-0010 
il 0:0416 —0-009983 0-00305 0:0017 
1 » 0-050 —0-011875 0-00356 0-0020 
3 0-075 —0-017344 0-:00491 0-0030 
1 2) 0-0833 —0-019097 0-00530 0-0033 
1 2 4 0-100 —0-022500 0-00600 0-0039 
1 She) 0-125 —0-027344 0-00684 0-:0048 
3 6 0-150 —0-031875 0-00744 0-0057 
1 2 4 0- 1666 —0-034722 0-00772 0.0062 
a 0-175 —0-036094 0-00782 0-0064 
1 2 4 8 0-200 —0-040000 0-00800 0.0072 
5 0-2083 —0-041233 0.00802 0-0074 
9 0-225 —0-043594 0-00799 0-0079 
1 ” 3 See Ona) 0-250 —0-046875 0-00781 0-0085 
11 0-275 —0-049844 0-00748 0-0091 
7 0-2916 —0-051649 0-00717 0-0095 
3 6 12 0-300 —0-052500 0-00700 0-0097 
13 0-325 —0-054844 0-00640 0-0101 
1 2 4 8 0.3333 —0-055556 0-00617 0-0103 
7 14 0-350 —0-056875 0-00569 0-0106 
3 ike) 0-375 —0-058594 0-00488 0-0109 
2 4 8 16 0-400 —0-060000 0-00400 0-0112 
5 10 0-4166 —0-060764 0-00338 0-0114 
17 0-425 —0-061094 0-00305 0-0114 
9 18 0-450 —0-061875 0-00206 0-0116 
11 0-4583 —0-062066 0-00172 0-0116 
19 0-475 —0-062344 0-00104 0-0117 
1 2 Bo AS eS (A TT BD) 0-500 —0-062500 0.00000 0-0117 
21 0-525 —0-062344 —0-00104 0-0117 
13 00-5416 —0-062066 —0-00172 0-0116 
11 2D) 0-550 —0-061875 —0-00206 0-0116 
28) 0-575 —0-061094 —0-00305 0-0114 
dl 14 0-5833 —0-060764 —0-00338 0-0114 
3 6 12 24 0-600 —0-060000 —0-00400 0-0112 
5 ly 225) 0-625 —0-058594 —0-00488 0-0109 
i) 26 0-650 —0-056875 —()-00569 0-0106 
Uw 4 8 16 0-6666 —0-055556 —0-00617 0-0103 
27 0-675 —0-054844 —0-00640 0-0101 
if 14 28 0-700 —0-052500 —0-00700 0-0097 
17 0-7083 —0-051649 —0-00717 0-0095 
29 0-725 —0-049844 —0-00748 0-009 1 
3 6 Oy ARSE ES 3K) 0-750 —0-046875 —0-00781 0.0085 
31 0-775 —(0-043594 —0-00799 0-0079 
19 0-7916 —0-041233 —0-00802 0-0074 
4 8 16 Sy) 0-800 —0-040000 —0-00800 0-0072 
33 0-825 —0-036094 —0-00782 0-0064 
5 10 20 0-8333 —0-034722 —0-00772 0-0062 
if9 34 0-850 —0-031875 —0-00744 0-0057 
i 21 35 0-875 —0-027344 —0-00684 0:0048 
9 18 36 0-900 —0-022500 —0-00600 0-0039 
11 22 0:9166 —0-019097 —0-00530 0-0033 
37 0-925 —0-017344 —0-00491 0-0030 
19 38 0-950 —0-011875 —0:00356 0-0020 
23 0-9583 —0-009983 —0-00305 0-0017 


Sy) 0-975 — 0.006094 —0-00193 0-0010 
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EXPLANATION Ll 


This explanation specifies the sources for the theories and data used in constructing 
the ephemerides in this volume, explains basic concepts required to use the ephemerides, 
and where appropriate states the precise meaning of tabulated quantities. Definitions of 
individual terms are given in the Glossary (Section M). 

The IAU (1976) System of Astronomical Constants was adopted by the General 
Assembly of the IAU at Grenoble. These constants are given on page K6 of this volume. 
Additional resolutions concerning time scales and the astronomical reference system were 
adopted by the IAU in 1979 at Montreal and in 1982 at Patras. A complete list of these 
resolutions, with constants, formulae and explanatory notes, is given in the Supplement to 
the Astronomical Almanac for 1984, which is published in the Astronomical Almanac for 
1984. 

Fundamental ephemerides of the Sun, Moon and planets were calculated by a 
simultaneous numerical integration at the Jet Propulsion Laboratory. These ephemerides, 
designated DE200/LE200, cover the period 1800-2050. Optical, radar, laser, and space- 
craft observations were analyzed to determine starting conditions for the numerical 
integration. In order to obtain the best fit of the ephemerides to the observational data, 
some modifications to the IAU (1976) System of Astronomical Constants were necessary. 
These modifications are listed on pages K6 and K7. A satisfactory ephemeris for Uranus 
for the 1980’s could be computed only by excluding observations made before 1900. 
Additional information about the ephemerides is included in the Explanatory Supplement 
to the Astronomical Almanac. DE200/LE200 is available in machine readable form. 


Reference Frame 


Beginning in 1984 the standard epoch of the fundamental astronomical coordinate 
system is 2000 January 1, 12" TDB (JD 245 1545.0), which is denoted J2000.0. The 
numerical integration used as the basis for ephemerides in this volume is in a reference 
frame defined by the mean equator and dynamical equinox of J2000.0. Rigorous reduction 
methods presented in Section B were used to construct the published tabular ephemerides. 

In practice, the dynamical equinox, defined by the ascending node of the ecliptic on 
the mean equator at epoch J2000.0, differs from the origin of right ascension (the catalog 
equinox) of the FKS star catalog. Although the exact value of the difference is uncertain, 
it is thought to be less than 0”.04 at the current time. Likewise, the radio reference frame 
may differ from optical reference frames. 


Time Scales 


Terrestrial dynamical time (TDT) is the tabular argument of the fundamental geocen- 
tric ephemerides. For ephemerides referred to the barycenter of the solar system, the 
argument is barycentric dynamical time (TDB). In the terminology of the general theory 
of relativity, TDT corresponds to a proper time, while TDB corresponds to a coordinate 
time. These scales are defined so that the difference between them is purely periodic, with 
an amplitude less than 0°.002. Like their predecessor, ephemeris time (ET), TDT and TDB 
are independent of the Earth’s rotation. 

In the astronomical system of units, the unit of time is the day of 86400 seconds of 
barycentric dynamical time (TDB). For long periods, however, the Julian century of 
36525 days is used. Use of the tropical year and Besselian epochs was discontinued in 
1984. 

International atomic time (TAI) is the most precisely determined time scale that is 
now available for astronomical use. This scale results from analyses by the Bureau 
International des Poids et Mesures in Paris of data from atomic time standards of many 
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countries. Although TAI was not introduced until 1972 January 1, atomic time scales have 
been available since 1956. Therefore, TAI may be extrapolated backwards for the period 
1956-1971. The fundamental unit of TAI is the unit of time in the international system of 
units, the SI second; it is defined as the duration of 9 192 631 770 periods of the radiation 
corresponding to the transition between two hyperfine levels of the ground state of the 
cesium 133 atom. 

Universal time (UT), which serves as the basis of ‘civil timekeeping, is formally 
defined by a mathematical formula which relates UT to Greenwich mean sidereal time. 
Thus UT is determined from observations of the diurnal motions of the stars. It implicitly 
contains nonuniformities due to variations in the rotation of the Earth. A UT scale 
determined directly from stellar observations is dependent on the place of observation; 
these scales are designated UTO. A time scale that is independent of the location of the 
observer is established by removing from UTO the effect of the variation of the observer’s 
meridian due to the observed motion of the geographic pole; this time scale is designated 
UTI. A tabulation of the quantity AT = TDT — UT1 is given on page K9. 

Since 1972 January 1, the time scale distributed by most broadcast time services has 
been based on the redefined coordinated universal time (UTC), which differs from TAI by 
an integral number of seconds. UTC is maintained within 0°.90 of UT1 by the introduction 
of one second steps (leap seconds) when necessary, normally at the end of June or 
December. DUT1, an approximation to the difference UT1 minus UTC, is transmitted in 
code on broadcast time signals. Beginning in 1962, an increasing number of broadcast 
time services cooperated to provide a consistent time standard, until most broadcast 
signals were synchronized to the redefined UTC in 1972. For a while prior to 1972, 
broadcast time signals were kept within 0°.1 of UT2 (UT1 corrected by an adopted formula 
for the seasonal variation) by the introduction of step adjustments, normally of 0°.1, and 
occasionally by changes in the duration of the second. Since the table on page K9 is based 
on the signals broadcast by WWYV, special corrections may be required to derive UT1 
times from other signals broadcast prior to 1972. 

Universal time and UT are commonly used to meain UTO, UT1 or UTC, according to 
context. In this volume, UT1 is always implied where the differences are significant. 

Greenwich mean sidereal time (GMST) is defined as the Greenwich hour angle of the 
mean equinox of date. The defining relation between sidereal and universal time is: 


GMST of 0° UT1 = 6°41™50°.54841 + 8640 184°.812 866 T 
+ 0°.093 104 T? —68.2x10~* T3 


where 7 is measured in Julian centuries of 36525 days of UT1 from 2000 January 1, 12° 
UT1 (JD 245 1545.0 UT1). (S. Aoki et al., Astron. Astrophys., 105, 359, 1982). 

To provide continuity with pre- 1984 practices, the difference between TDT and TAI 
was set to the current estimate of the difference between ET and TAT: 


TDT = TAI + 32°.184. 


Thus procedures analogous to those used with ephemerides tabulated as functions of ET 
are generally applicable to ephemerides based on TDT. The tabulations for 0" TDT may be 
converted to 0" UT1 by interpolation to time AT. 

Since TDT is independent of the Earth’s rotation, calculations of hour angles and 
phenomena referred to a geographic meridian are provisionally referred to the ephemeris 
meridian, which is !.002 738 AT east of the Greenwich meridian. Only when AT is 
specified can quantities be referred to the Greenwich meridian. 

In 1991, at the recommendation of the Working Group on Reference Systems, the IAU 
adopted new resolutions concerning time scales. Terrestrial Dynamical Time (TDT) was 
renamed Terrestrial Time (TT), and two new scales were defined to be consistent with the 
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SI second and the General Theory of Relativity. Geocentric Coordinate Time (TCG) and 
Barycentric Coordinate Time (TCB) are coordinate times in coordinate systems having their 
spatial origins at the Center of mass of the Earth and at the solar system barycenter, 
respectively. These time scales will be introduced into The Astronomical Almanac when new 
fundamental theories and ephemerides based on these time scales are adopted by the IAU. 


Section A: Summary of Principal Phenomena 


The lunations given on page Al are numbered in continuation of E. W. Brown’s 
series, of which No. 1 commenced on 1923 January 16 (Mon. Not. Roy. Astron. Soc., 93, 
603, 1933). 

The list of occultations of planets and bright stars by the Moon on page A2 gives the 
approximate times and areas of visibility for the major planets, except Neptune and Pluto, 
and the bright stars Aldebaran, Antares, Pollux, Regulus and Spica. More detailed 
information about these events and of other occultations by the Moon may be obtained 
from the International Lunar Occultation Centre at the address given at the foot of page 
A2. 

Times tabulated on page A3 for the stationary points of the planets are the instants at 
which the planet is stationary in apparent geocentric right ascension; but for elongations 
of the planets from the Sun, the tabular times are for the geometric configurations. From 
inferior conjunction to superior conjunction for Mercury or Venus, or from conjunction to 
opposition for a superior planet, the elongation from the Sun is west; from superior to 
inferior conjunction, or from opposition to conjunction, the elongation is east. Because 
planetary orbits do not lie exactly in the ecliptic plane, elongation passages from west to 
east or from east to west do not in general coincide with oppositions and conjunctions. 

Dates of heliocentric phenomena are given on page A3. Since they are determined 
from the actual perturbed motion, these dates generally differ from dates obtained by 
using the elements of the mean orbit. The date on which the radius vector is a minimum 
may differ considerably from the date on which the heliocentric longitude of a planet is 
equal to the longitude of perihelion of the mean orbit. Similarly, when the heliocentric 
latitude of a planet is zero, the heliocentric longitude may not equal the longitude of the 
mean node. 

Configurations of the Sun, Moon and Planets (pages A9—-A11) is a chronological 
listing, with times to the nearest hour, of geocentric phenomena. Included are eclipses; 
lunar perigees, apogees and phases; phenomena in apparent geocentric longitude of the 
planets and of the minor planets Ceres, Pallas, Juno and Vesta; times when the planets and 
minor planets are stationary in right ascension and when the geocentric distance to Mars 
is a minimum; and geocentric conjunctions in apparent right ascension of the planets with 
the Moon, with each other, and with the bright stars Aldebaran, Pollux, Regulus, Spica and 
Antares, provided these conjunctions are considered to occur sufficiently far from the Sun 
to permit observation. Thus conjunctions in right ascension are excluded if they occur 
within 15° of the Sun for the Moon, Mars and Saturn; within 10° for Venus and Jupiter; 
and within approximately 10° for Mercury, depending on Mercury’s brightness. The 
occurrence of occultations of planets and bright stars is indicated by “Occn.”; the areas of 
visibility are given in the list on page A2. Geocentric phenomena differ from the actually 
observed configurations by the effects of the geocentric parallax at the place of observa- 
tion, which for configurations with the Moon may be quite large. 

The explanation for the tables of sunrise and sunset, twilight, moonrise and moonset 
is given on page A12; examples are given on page A13. 


L4 EXPLANATION 
Eclipses 


The elements and circumstances are computed according to Bessel’s method from 
apparent right ascensions and declinations of the Sun and Moon. From 1986 onwards, 
positions of the Sun and Moon are derived from DE200/LE200. Semidiameters of the Sun 
and Moon used in the calculation of eclipses do not include irradiation. The adopted 
semidiameter of the Sun at unit distance is 15’59”.63 (A. Auwers, Astronomische 
Nachrichten, No. 3068, 367, 1891), the same as in the ephemeris of the Sun. The apparent 
semidiameter of the Moon is equal to arcsin (k sin 2), where 7 is the Moon’s horizontal 
parallax and k is an adopted constant. In 1982, to be consistent with the System of 
Astronomical Constants (1976) and the ephemeris based on DE200/LE200, the IAU 
adopted k = 0.272 5076, corresponding to the mean radius of Watts’ datum as determined 
by observations of occultations and to the adopted radius of the Earth. This value is 
introduced for 1986 onwards. Corrections to the ephemerides, if any, are noted in the 
beginning of the eclipse section. 

In calculating lunar eclipses the radius of the geocentric shadow of the Earth is 
increased by one-fiftieth part to allow for the effect of the atmosphere. Refraction is 
neglected in calculating solar and lunar eclipses. Because the circumstances of eclipses 
are calculated for the surface of the ellipsoid, refraction is not included in Besselian 
elements. For local predictions, corrections for refraction are unnecessary; they are 
required only in precise comparisons of theory with observation in which many other 
refinements are also necessary. 

The solar eclipse maps show the path of the eclipse, beginning and ending times of the 
eclipse, and the region of visibility, including restrictions due to rising and setting of the 
Sun. The short-dash and long-dash lines show, respectively, the progress of the leading 
and trailing edge of the penumbra; thus, at a given location, times of first and last contact 
may be interpolated. 

Besselian elements characterize the geometric position of the shadow of the Moon 
relative to the Earth. The exterior tangents to the surfaces of the Sun and Moon form the 
umbral cone; the interior tangents form the penumbral cone. The common axis of these 
two cones is the axis of the shadow. To form a system of geocentric rectangular 
coordinates, the geocentric plane perpendicular to the axis of the shadow is taken as the xy- 
plane. This is called the fundamental plane. The x-axis is the intersection of the funda- 
mental plane with the plane of the equator; it is positive toward the east. The y-axis is positive 
toward the north. The z-axis is parallel to the axis of the shadow and is positive toward the 
Moon. The tabular values of x and y are the coordinates, in units of the Earth’s equatorial 
radius, of the intersection of the axis of the shadow with the fundamental plane. The 
direction of the axis of the shadow is specified by the declination d and hour angle pl of the 
point on the celestial sphere toward which the axis is directed. 

The radius of the umbral cone is regarded as positive for an annular eclipse and 
negative for a total eclipse. The angles f, and f, are the angles at which the tangents that 
form the penumbral and umbral cones, respectively, intersect the axis of the shadow. 

To predict accurate local circumstances, calculate the geocentric coordinates p sin ¢ 
and pcos ¢’ from the geodetic latitude ¢ and longitude A, using the relationships given on 
page K11. Inclusion of the height / in this calculation is all that is necessary to obtain the 
local circumstances at high altitudes. 

Obtain approximate times for the beginning, middle and end of the eclipse from the 
eclipse map. For each of these three times, take from the table of Besselian elements, or 
compute from the Besselian element polynomials, the values of x, y, sin d, cos d, U and L 
(the radius of the penumbra on the fundamental plane), except that at the approximate time 
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of the middle of the eclipse L, (the radius of the umbra on the fundamental plane) is required 
instead of L if the eclipse is central (i.e., total, annular or annular-total). The hourly 
variations x’, y’ of x and y are needed, and may be obtained with sufficient accuracy by 
multiplying the first differences of the tabular values by 6. Alternatively, these hourly 
variations may be obtained by evaluating the derivative of the polynomial expressions for 
x and y. Values of y’, d’, tan f, and tan f, are nearly constant throughout the eclipse and are 
given at the bottom of the Besselian elements table. 

For each of the three approximate times, calculate the coordinates €, n, ¢ for the 
observer and the hourly variations &’ and 1’ from 


= pcos ¢ sin 8, 

= psin ¢ cosd—pcos ¢’ sind cos 8, 
psin ¢ sind + pcos ¢ cos dcos 6, 
= wu pcos ¢' cos 8, 

ied ERC SID Coe 


3 wy 3S 
I 


where 
6 = uta 
for longitudes measured positive towards the east. 
Next, calculate 


Uu — es u’ = Sata 
v = Yael] y’ = eee 
m= w+y oS Tee (m, n> 0) 
L. = L-(Ctanf 
DY= nie yy 
A=1 (uy - uv 
= ) 


where i = 1, 2. At the approximate times of the beginning and end of the eclipse, L, is 
required. At the approximate time of the middle of the eclipse, L, is required if the eclipse 
is central; L, is required if the eclipse is partial. 
Neglecting the variation of L, the correction T to be applied to the approximate time 
of the middle of the eclipse to obtain the Universal Time of greatest phase is 
ie Jo) 
ne 
which may be expressed in minutes by multiplying by 60. 
The correction Tto be applied to the approximate times of the beginning and end of the 
eclipse to obtain the Universal Times of the penumbral contacts is 


nat rs y-2, 
n n2 


which may be expressed in minutes by multiplying by 60. 

If the eclipse is central, use the approximate time for the middle of the eclipse as a first 
approximation to the times of umbral contact. The correction T to be applied to obtain the 
Universal Times of the umbral contacts 1s 


_ ly D 
Sig, COS Vic “> 
which may be expressed in minutes by multiplying by 60. 
In the last two equations, the ambiguity in the quadrant of yis removed by noting that 
cos y must be negative for the beginning of the eclipse, for the beginning of the annular 
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phase, or for the end of the total phase; cos y must be positive for the end of the eclipse, 
the end of the annular phase, or the beginning of the total phase. 

For greater accuracy, the times resulting from the calculation outlined above should 
be used in place of the original approximate times, and the entire procedure repeated at least 
once. The calculations for each ot the contact times and the time of greatest phase should 
be performed separately. 

The magnitude of greatest partial eclipse, in units of the solar diameter is 
2 L,-m 

(2L, — 0.5459) ° 


where the value of m at the time of greatest phase is used. If the magnitude is negative at 
the time of greatest phase, no eclipse is visible from the location. 
The magnitude of the central phase, in the same units is 
ane edd 7, 
© imeal yy 
The position angle of a point of contact measured eastward (counterclockwise) from 
the north point of the solar limb is given by 


M, 


tan P=) 
v 


where u and v are evaluated at the times of contacts computed in the final approximation. 
The quadrant of P is determined by noting that sin P has the algebraic sign of u, except for 
the contacts of the total phase, for which sin P has the opposite sign to u. 

The position angle of the point of contact measured eastward from the vertex of the 
solar limb is given by 


Vs c. 
where C ,, the parallactic angle, is obtained with sufficient accuracy from 
¢ 
tan-C= =, 
7 


with sin C having the same algebraic sign as x, and the results of the final approximation 
again being used. The vertex point of the solar limb lies on a great circle arc drawn from 
the zenith to the center of the solar disk. 


Section B: Time Scales and Coordinate Systems 


Calendar 


Over extended intervals, civil time is ordinarily reckoned according to conventional 
calendar years and adopted historical eras; in constructing and regulating civil calendars 
and fixing ecclesiastical calendars, a number of auxiliary cycles and periods are used. 

To facilitate chronological reckoning, the system of Julian day (JD) numbers main- 
tains a continuous count of astronomical days, beginning with JD 0 on | January 4713 
B.C., Julian proleptic calendar. Julian day numbers for the current year are given on page 
B4 and in the Universal and Sidereal Times table, pages B8-B15. To determine JD 
numbers for other years on the Gregorian calendar, consult the Julian Day Number tables, 
pages K2—-K4. 

Note that the Julian day begins at noon, whereas the calendar day begins at the 
preceding midnight. Thus the Julian day system is consistent with astronomical practice 
before 1925, with the astronomical day being reckoned from noon. For critical applica- 
tions, the Julian date should include a specification as to whether UT, TDT or TDB is used. 
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Universal and Sidereal Times 


The tabulations of Greenwich mean sidereal time (GMST) at 0" UT are calculated 
from the defining relation between sidereal time and universal time (see the introductory 
discussion of Time Scales in this Explanation). The tabulation of Greenwich apparent 
sidereal time (GAST) is calculated by adding the equation of the equinoxes to GMST. 
From 1997 February 27 at 0" UT, the equation of the equinoxes uses the expression 
recommended by the [AU Working Group on Astronomical Standards on 1994 August 22. 
Following the general practice of this volume, UT implies UT1 in critical applications. 
Useful formulae and examples are given on pages B6-B7. 


Reduction of Astronomical Coordinates 


Formulae and tables for a variety of methods of apparent place reduction are 
presented. Choice of a particular method should be made according to accuracy require- 
ments. 

Reduction to apparent place from mean place for standard epoch J2000.0 is most 
accurately accomplished by formulae given on pages B36—B41. These require the rectan- 
gular position and velocity components of the Earth with respect to the solar system 
barycenter (even pages B44—B58) and the precession and nutation matrix (odd pages 
B45-B59). The Earth’s position and velocity components are derived from the simulta- 
neous numerical integration DE200/LE200 described on page L1. In critical applications 
the tabular argument of the barycentric ephemeris is barycentric dynamical time (TDB). 

Beginning in 1984 the standard epoch of the stellar data tabulations (Section H) is the 
middle of the Julian year, rather than the beginning of the Besselian year. Thus the 
Besselian and second-order day numbers are referred to the mean equator and equinox of 
the middle of the current Julian year. Formulae for precessing positions from the standard 
epoch J2000.0 to the current year are given on page B18. These formulae are based on 
expressions for annual rates of precession given by J. H. Lieske et al. (Astron. Astrophys., 
58, 1-16, 1977), in conformance with the IAU (1976) value of the constant of precession. 


Section C: The Sun 


Apparent geocentric coordinates of the Sun are given on even pages C4—-C18; 
geocentric rectangular coordinates referred to the mean equator and equinox of J2000.0 
are given on pages C20—C23. These ephemerides are based on the simultaneous numerical 
integration DE200/LE200 described on page Ll. The tabular argument of the solar 
ephemerides is terrestrial dynamical time (TDT). Although the apparent right ascension 
and declination are antedated for light-time, the true geocentric distance in astronomical 
units is the geometric distance at the tabular time. 

The rotation elements listed on page C3, as well as the daily tabulations of rotational 
parameters (odd pages C5—C19), are due to R. C. Carrington (Observations of the Spots on 
the Sun, 1863). The synodic rotation numbers are in continuation of Carrington’s Green- 
wich photoheliographic series, of which Number 1 commenced on 1853 November 9. The 
tabular values of the semidiameter are computed by taking the arc sine of the quantity 
formed by dividing the IAU solar radius (696 000 km) by the true distance in km. 

Formulae for geocentric and heliographic coordinates are given on pages C1—C3. 


Section D: The Moon 


The geocentric ephemerides of the Moon are based on the numerical integration 
DE200/LE200 described on page L1. The tabular argument is terrestrial dynamical time 
CLD): 

For high precision calculations the polynomial ephemeris on pages D23—D45 should 
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J2000.0. According to the IAU definition, the north pole is the pole that lies on the north 
side of the invariable plane of the solar system. Because of precession of a planet’s axis, 
O, and 5, may vary slowly with time; values for the current year are given on page E87. 
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The angle W of the prime meridian is measured counterclockwise (when viewed from 
above the planet’s north pole) along the planet’s equator from the ascending node of the 
planet’s equator on the Earth’s mean equator of J2000.0. For a planet with direct rotation 
(counterclockwise as viewed from the planet’s north pole), W increases with time. Values 
of W and its rate of change are given on page E87. 

Except for Saturn and Pluto, expressions for the pole and prime meridian of each 
planet are based on the IAU Report on Cartographic Coordinates. The rotation of Saturn 
was provided by M. D. Desch and M. L. Kaiser. For Pluto the pole and rotation are due to 
R. S. Harrington and J. W. Christy (Astron. Jour., 86, 442, 1981), under the assumptions 
that the orbital motion of Pluto’s satellite 1s synchronous with Pluto’s rotation and that the 
satellite’s orbital plane is coincident with Pluto’s equatorial plane. 

Tabulated longitudes and latitudes of the sub-Earth and sub-solar points are in 
planetographic coordinates. Planetographic longitude is reckoned from the prime merid- 
ian and increases from 0° to 360° in the direction opposite rotation. The planetographic 
latitude of a point is the angle between the planet’s equator and the normal to the reference 
spheroid at the point. Latitudes north of the equator are positive. For Jupiter and Saturn 


EXPLANATION Lil 


multiple longitude systems are defined, each system corresponding to a different apparent 
rate of rotation. System I applies to the visible cloud layer in the equatorial region of each 
planet. System II applies to the visible cloud layer at higher latitudes of Jupiter; there is no 
System II for Saturn. System III applies to the origin of the radio emissions of both Jupiter 
and Saturn. Since rotational periods of Uranus and Neptune are not well known, no 
planetographic longitudes are given for these planets. 

Planetographic coordinates are illustrated in the diagram. At the center of the 
apparent disk is the sub-Earth point e; other reference points are the sub-solar point s and 
the north pole n. For an oblate planet, the Earth and Sun are not at the zeniths of the sub- 
Earth and sub-solar points, respectively. Planetocentric longitudes of the sub-Earth and 
sub-solar points are A, and A, with corresponding latitudes B, and B,. Also indicated are 
the apparent distances d and position angles p of the north pole and sub-solar point with 
respect to the center of the disk e. Position angles are measured east from the north on the 
celestial sphere, with north defined in this case by the great circle on the celestial sphere 
passing through the center of the planet’s apparent disk and the true celestial pole of date. 
Tabulated distances are positive for points on the visible hemisphere of the planet and 
negative for points on the far side. Thus, as point n or s passes from the visible hemisphere 
to the far side, or vice versa, the sign of the distance changes abruptly, but the position 
angle varies continuously. However, when the point passes close to the center of the disk, 
the sign of the distance remains unchanged, but both distance and position angle vary 
rapidly and may appear to be discontinuous in the fixed interval tabulations. 

Useful data and formulae are given on pages E43, E87, E88. 


Section F: Satellites of the Planets 


The ephemerides of the satellites are intended only for search and identification, not 
for the exact comparison of theory with observation; they are calculated only to an 
accuracy sufficient for the purpose of facilitating observations. These ephemerides are 
corrected for light-time. The value of AT used in preparing the ephemerides is given on 
page F1. Orbital elements and constants are given on pages F2, F3. Reference planes for 
the satellite orbits are defined by the north poles of rotation given in the “Report of the [AU 
Working Group on Cartographic Coordinates and Rotational Elements of the Planets and 
Satellites: 1994” (M. E. Davies et al., Celest. Mech., 63, 127-148, 1996). 

The apparent orbit of a satellite is an ellipse on the celestial sphere, with semimajor 
axis a/A, where a is the apparent semimajor axis at unit distance in seconds of arc and A is 
the geocentric distance of the primary. In calculating the tables for finding the position 
angle and apparent angular distance with respect to the primary, the value of the 
eccentricity of the apparent orbit at opposition is used. The apparent geocentric distance s 
is measured from the central point of the geometric disk of the primary, and the position 
angle p is measured eastward from the north celestial pole. Neglected in the calculations 
are the effect of the eccentricity of the actual orbit upon its projection onto the apparent 
orbit and the variation of the eccentricity of the apparent orbit. Approximately, therefore, 
s = F(a/A), where F is the ratio of s to the apparent distance at greatest elongation. At 
greatest elongations p = P + 90°, where P is the position angle of the extremity of the 
minor axis of the apparent orbit that is directed toward the pole of the orbit from which 
motion appears counterclockwise. With P, denoting an arbitrary fixed integral number of 
degrees, usually the approximate value of P at opposition, the value of p at any time is 
expressed in the form p, + p,, where p, is the sum of P+ 90° plus the amount of motion 
in position angle since elongation, and p, denotes the correction P — P,. In the tables of p, 
the tabular entry for argument 0'00™ is the value of le Aaes 

Approximate formulae for calculating differential coordinates of satellites are given 
with the relevant tables. 
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Satellites of Mars 


The ephemerides of the satellites of Mars are computed from the orbital elements 
given by H. Struve (Sitzungsberichte der Kéniglich Preuss. Akad. der Wiss., p. 1073, 
1911): 


Satellites of Jupiter 


The ephemerides of Satellites I-IV are based on the theory of J. H. Lieske (Astron. 
Astrophys., 56, 333-352, 1977), with constants due to J.-E. Arlot (Astron. Astrophys., 
107, 305-310, 1982). 

Elongations of Satellite V are computed from circular orbital elements determined by 
A. J.J. Van Woerkom (Astron. Pap. Amer. Ephem., Vol, XUI, Pt. 1, pages 8, 14, 16, 1950). 
The differential coordinates of Satellites VI-XIII are computed from numerical integra- 
tions, using starting coordinates and velocities calculated at the U. S. Naval Observatory. 

The actual geocentric phenomena of Satellites I-IV are not instantaneous. Since the 
tabulated times are for the middle of the phenomena, a satellite is usually observable after 
the tabulated time of eclipse disappearance (EcD) and before the time of eclipse reappear- 
ance (EcR). In the case of Satellite IV the difference is sometimes quite large. Light curves 
of eclipse phenomena are discussed by D. L. Harris (Planets and Satellites, ed. G. P. Kuiper 
and B. M. Middlehurst, pages 327-340, 1961). 

To facilitate identification, approximate configurations of Satellites I-IV are shown 
in graphical form on pages facing the tabular ephemerides of the geocentric phenomena. 
Time is shown by the vertical scale, with horizontal lines denoting 0" UT. For any time the 
curves specify the relative positions of the satellites in the equatorial plane of Jupiter. The 
width of the central band, which represents the disk of Jupiter, is scaled to the planet’s 
equatorial diameter. 

For eclipses the points d of immersion into the shadow and points r of emersion from 
the shadow are shown pictorially at the foot of the right-hand pages for the superior 
conjunctions nearest the middle of each month. At the foot of the left-hand pages, 
rectangular coordinates of these points are given in units of the equatorial radius of 
Jupiter. The x-axis lies in Jupiter’s equatorial plane, positive toward the east; the y-axis is 
positive toward the north pole of Jupiter. The subscript | refers to the beginning of an 
eclipse, subscript 2 to the end of an eclipse. 


Satellites and Rings of Saturn 


Since the rings of Saturn lie in the equatorial plane of the planet, the inclination and 
ascending node of the ring plane are determined from the position of the north pole of 
Saturn, as defined by M. E. Davies et al. (Celest. Mech., 63, 127-148, 1996). The apparent 
dimensions of the outer ring and factors for computing relative dimensions of the rings are 
from L. W. Esposito et al. (Saturn, eds. T. Gehrels and M. S. Matthews, pages 468-478, 
1984). 

Since the appearance of the rings depends upon the Saturnicentric positions of the 
Earth and Sun, the following quantities are tabulated in the ephemeris: 

U, the geocentric longitude of Saturn, measured in the plane of the rings eastward from 
its ascending node on the mean equator of the Earth; the Saturnicentric longitude of 
the Earth, measured in the same way, is U + 180°. 

B, the Saturnicentric latitude of the Earth, referred to the plane of the rings, positive 
toward the north; when B is positive the visible surface of the rings is the northern 
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surface. 

P, the geocentric position angle of the northern semiminor axis of the apparent ellipse of 
the rings, measured eastward from north. 

U’, the heliocentric longitude of Saturn, measured in the plane of the rings eastward from 
its ascending node on the ecliptic; the Saturnicentric longitude of the Sun, measured 
in the same way, is U’ + 180°. 

B’, the Saturnicentric latitude of the Sun, referred to the plane of the rings, positive 
toward the north; when B’ is positive the northern surface of the rings is illuminated. 

P’, the heliocentric position angle of the northern semiminor axis of the rings on the 
heliocentric celestial sphere, measured eastward from the great circle that passes 
through Saturn and the poles of the ecliptic. 


The ephemeris of the rings is corrected for light-time. 

The ephemerides of Satellites I-VI and of Iapetus are computed from the orbital 
elements determined by G. Struve (Veréff. der Universitdtssternwarte zu Berlin-Babelsberg, 
Vol. VI, Pt. 4, 1930, and Pt. 5, 1933). The ephemeris of Hyperion is computed from the 
elements given by J. Woltjer, Jr. (Annalen van de Sterrewacht te Leiden, Vol. XVI, Pt. 3, 
p. 64, 1928), and of Phoebe from the theory by F. E. Ross (Annals of Harvard College 
Obs., Vol. LIU, No. VI, 1905). 

For Satellites I-V times of eastern elongation are tabulated; for Satellites VI-VIII 
times of all elongations and conjunctions are tabulated. Tables for finding approximate 
distance s and position angle p are given for Satellites I-VIJI. On the diagram of the orbits 
of Satellites I-VII, points of eastern elongation are marked “0”. From the tabular times of 
these elongations the apparent position of a satellite at any other time can be marked on the 
diagram by setting off on the orbit the elapsed interval since last eastern elongation. For 
Hyperion and Iapetus ephemerides of differential coordinates are also included. An 
ephemeris of differential coordinates is given for Phoebe. 

Solar perturbations are not included in calculating the tables of elongations and 
conjunctions, distances and position angles for Satellites I-VIII. For Satellites I-IV, the 
orbita! eccentricity e is neglected. However, the 4-day tabulations of mean orbital longi- 
tude L and mean anomaly M for Satellites I-VIII are calculated from accurate values of the 
orbital elements; in the case of Titan, solar perturbations are included. Also tabulated are 
values of the elements that have large variations. The tabular values of the elements can 
thus be used to obtain perturbed orbital positions. Therefore, using the Saturnicentric 
position of the Earth, referred to the orbital plane of the satellite, one can calculate the 
perturbed apparent distance and position angle, and hence differential coordinates in right 
ascension and declination. 

The ascending node of the ring-plane on the mean equator of the Earth serves as the 
origin for measuring mean orbital longitude L, true longitude u, and the longitude of the 
ascending node @ of the orbit on the plane of the rings. L and u are reckoned along the ring- 
plane to the node of the orbit, then along the orbit. Tabulated values of L and M are 
geometric values at the tabular times, not corrected for light-time. 


Satellites and Rings of Uranus 


Data for the Uranian Rings are from the analysis of J. L. Elliot et al. (Astron. Jour., 86, 
444, 1981). Ephemerides of the satellites are calculated from orbital elements determined 
by J. Laskar and R. A. Jacobson (Astron. Astrophys., 188, 212-224, 1987). 
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Satellites of Neptune 


The ephemerides of Triton and Nereid are calculated from elements by R. A. 
Jacobson (Astron. Astrophys., 231, 241-250, 1990). The differential coordinates of 
Nereid are apparent positions with respect to the true equator and equinox of date. 


Satellite of Pluto 


The ephemeris of Charon is calculated from the elements of D. J. Tholen (Astron. 
Jour., 90, 2353, 1985). 


Section G: Minor Planets 


The ephemerides of Ceres, Pallas, Juno and Vesta give astrometric right ascensions 
and declinations, referred to the mean equator and equinox of J2000.0, geometric dis- 
tances from the Earth, and times of ephemeris transit. Astrometric positions are obtained 
by adding planetary aberration to the geometric positions, referred to the origin of the FK5 
system, and then subtracting stellar aberration. Thus these positions are comparable with 
observations that are referred to catalog mean places of reference stars on the FK5 system, 
provided the observations are corrected for geocentric parallax and the star positions are 
corrected for proper motion and annual parallax, if significant, to the epoch of observation. 
These ephemerides are based on the heliocentric ephemerides of R. L. Duncombe (Astron. 
Pap. Amer. Ephem., Vol. XX, Pt. II, 1969). 

Orbital elements and opposition dates for the larger minor planets are based on data 
from the Minor Planet Center and the Institute of Theoretical Astronomy. Data concerning 
physical characteristics are from D. Morrison (Icarus, 31, 185, 1977). 


Section H: Stellar Data 


Except for the positions of radio sources and pulsars (pages HS7—H62, H75, H76) all 
positions in this section are mean places for the middle of the current Julian year, referred 
to the origin of the FK5 system. The positions of radio sources and pulsars are mean places 
for J2000.0. 


Bright Stars 


Included in the list of bright stars are 1482 stars chosen according to the following 
criteria: 


a. all stars of visual magnitude 4.5 or brighter, as listed in the third revised edition of the 
Yale Bright Star Catalogue (BSC); 

b. all FKS stars brighter than 5.5; 

c. all MK atlas standards in the BSC (W. W. Morgan et al., Revised MK Spectral Atlas 
for Stars Earlier Than the Sun, 1978; and P. C. Keenan and R. C. McNeil, Atlas of 
Spectra of the Cooler Stars: Types G, K, M, S, and C, 1976). 


Flamsteed and Bayer designations are given with the constellation name and the BSC 
number. For FKS stars, positions referred to J2000.0 are taken directly from the “basic” 
FKS and precessed to the equator and equinox of the middle of the current year. For the 
remainder of the stars, B1950.0 positions are taken from the SAO Catalog and converted 
to J2000.0 by precepts given on page B42, then precessed to the equator and equinox of the 
middle of the current year. Orbital positions are given for these binary stars: BS 1948/49, 
2890/91, 4825/26, 5477/ 78, 8085/86, 2491, 3579, 5459/60, 6134. Orbital elements were 
taken from the Third Catalog of Orbits of Visual Binary Stars (W. S. Finsen and C. E. 
Worley, Republic Obs. Circ. 129, 1970). Whenever possible V magnitudes and color 
indices U-B and B-—V are due to B. Nicolet (Astron. Astrophys. Supp., 34, 1, 1978); 
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otherwise these data are taken from the BSC. Spectral types were provided by W. P. 
Bidelman. Codes in the Notes column are explained at the end of the table (page H31). 


Photometric Standards 


A selection of 107 stars to serve as standards of the UBVRI photometric system was 
supplied by H. L. Johnson. Photometric data for these stars are due to Johnson et al. 
(Comm. Lunar Planetary Lab, Vol. 4, Pt. 3, Table 2, 1966). Primary standards of the 
UBVRI and UBV systems are specified by 1 and 2, respectively, in the Standards Code 
column. As given in the above reference, the filter bands have the following effective 
wavelengths: U, 3600 A; B, 4400 A; V, 5500 A; R, 7000 A; 7, 9000 A. 

The selection and photometric data for standards on the Strémgren four-color and HB 
systems are those of C. L. Perry, E. H. Olsen and D. L. Crawford (Pub. Astron. Soc. Pac., 
99, 1184, 1987). Only the 319 stars which have four-color data are included. The u band 
is centered at 3500 A; v at 4100 A; b at 4700 A; and y at 5500 A. Four indices are tabulated: 
b-y, m,= (v-b) — (b-y), c= (u-v) — (v-b) and HB. 

In both photometric tables, star names and numbers are taken from the Yale Bright 
Star Catalogue. Spectral types are taken from the Bright Stars list (pages H2—H31) or 
from the photometric references cited above. Positions are obtained by the procedures 
used for the Bright Stars list. 


Radial Velocity Standards 


The selection of radial velocity standard stars is based on a list of bright standards 
taken from the report of IAU Sub-Commission 30a On Standard Velocity Stars (Trans. IAU, 
IX, 442, 1957) and list of faint standards (Trans. IJAU, XVA, 409, 1973). The combined 
list represents the IAU radial velocity standard stars with late spectral types. Stars whose 
velocities were in error or which vary by more than +1 km/sec have been removed. These 
stars have been extensively observed for more than a decade at the Center for Astrophys- 
ics, Geneva Observatory, and the Dominion Astrophysical Observatory. A discussion and 
preliminary mean velocities from these monitoring programs can be found in the report of 
IAU Commission 30, Reports on Astronomy (Trans. IAU, XXIB, 1992). In this report one 
can also find lists of candidate stars of early and solar spectral types. 

Positions are obtained by the procedures used for the Bright Stars list. V magnitudes 
are due to B. Nicolet (Astron. Astrophys. Supp., 34, 1, 1978) when possible; otherwise 
they are estimated from the given photographic magnitudes and spectral types. The 
spectral types are taken from the Bright Stars list (pages H2—H31), the Yale Bright Star 
Catalogue, or the original [AU list, in that order of preference. 


Bright Galaxies 


The list of galaxies is comprised of the brightest (BY, < 11.50) and largest (log D,; < 
1.65) galaxies from The Third Reference Catalogue of Bright Galaxies (G. de Vaucouleurs 
et al., 1991), hereafter referred to as RC3. The data have been reviewed and corrected 
where necessary, or supplemented by G. de Vaucouleurs, H. G. Corwin, and R. J. Buta. 
The columns are as follows (see RC3 for further explanation and references). 

Catalog designations are from the New General Catalog (NGC) or from the Index 
Catalog (IC). A few galaxies with no NGC or IC number are identified by common names. 
Cross-identifications for these, as well as other named galaxies, are given at the end of the 
table. Right ascension and declination are for the equinox B1950.0. In several cases, the 
RC3 position is replaced with a more accurate position, usually from the Guide Star 
Catalogue (Russell et al., Astron. Jour., 99, 2059, 1990). Morphological types are based 
on the revised Hubble system (see G. de Vaucouleurs, Handbuch der Physik, 53, 275, 
1959; Astrophys. Jour. Supp., 8, 31, 1963). 
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The column headed T gives a numerical index to the stages of the Hubble sequence. 
The correspondence between the numerical code and the revised Hubble stage is as 
follows: 


ih 6 -5S -4 3 72 -!l O +1 42 +43 +4 «+45 «+46 +7 «+8 «+9 +10 411 
type CEpe Bb) EP S0q WS02, S02 2 S0/a) Sa F Sabes *Sbit Shoo Scr eScd aeSd! sSdm_ Snag im ach 
where E=elliptical, L=lenticular, S=spiral, I=irregular, c=compact. ® 
Most of these large and bright galaxies have classifications from large scale reflector 
plates (G. de Vaucouleurs, 1963) which replaced the mean value originally calculated for 
RC3. Therefore, even though the mean numerical type code is given to an accuracy of one- 
tenth step, the high weight types are given in the original system only to whole steps, thus 
accounting for the preponderance of numerical types that have zero as a final digit. 
The column headed L gives the mean numerical van den Bergh luminosity classifica- 
tion for spiral galaxies. The numerical scale adopted in RC3 corresponds to van den Bergh 
classes as follows: 


18, 1 2 3 4 5 6 7 8 2 (10) (11) 
class I I-II II II-III III I-IV IV IV-V Vv (V-VI) (VI) 


Classes V—VI and VI (10 and 11 in the numerical scale) are an extension of van den 
Bergh's original system which stopped at class V. 

The column headed Log D,,, gives the logarithm to base 10 of the diameter (in tenths 
of arcmin.) of the major axis at the 25.0 blue mag/arcsec’ isophote. With the the exception 
of the Fornax System, the diameters for the highly resolved Local Group dwarf spheroidal 
galaxies do not apply to this isophote, but to one that is much fainter by unknown amounts. 
Similarly, the diameters for other very low surface brightness galaxies refer to an 
unknown isophote that is considerably fainter than 25.0 mag/arcsec’. The diameter for the 
Fornax System is a mean of measured values given by de Vaucouleurs and Ables 
(Astrophys. Jour., 188, 19, 1974), and replaces the RC3 value. 

The column headed Log RK, gives the logarithm to base 10 of the ratio of the major to 
the minor axis at the 25.0 blue mag/arcsec? isophote. 

The column headed BY, gives the total blue magnitude derived from surface or 
aperture photometry, or from photographic photometry reduced to the system of surface 
and aperture photometry. Because of very low surface brightnesses, the magnitudes for 
the Draco and Ursa Minor Systems (reduced from photographic photometry) are ex- 
tremely uncertain. 

Columns headed B—V and U-—B give the total colors. RC3 gives total colors only when 
there are aperture photometry data at apertures larger than the effective (half-light) 
aperture. However, a few of these galaxies have a considerable amount of data at smaller 
apertures, and also have small color gradients with aperture. Thus total colors for these 
objects have been determined by further extrapolation along standard color curves. 

Observed radial velocities V in km/s give weighted mean heliocentric velocities. The 
final column, V,,., gives the weighted mean velocities reduced to the reference frame 


3K’ 
defined by the 3 K microwave background radiation. 


Star Clusters 


The list of 288 open clusters was supplied by G. Lynga. It is a selection from the 5th 
(1987) edition of the Lund-Strasbourg catalogue (original edition described by G. Lynga, 
Astron. Data Cen. Bul., 2, 1981). The latest edition is available from the NASA World 
Data Center A, Greenbelt, MD or from Centre de Données Stellaires, Strasbourg. For each 
cluster, two identifications are given. First is the designation adopted by the IAU, while 
the second is the traditional name (G. Alter et al., Catalogue of Star Clusters and Asso- 
ciations, 2nd ed., 1970). 
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Positions are referred to the mean equator and equinox of the middle of the Julian 
year. The tabulated angular diameter of a cluster pertains to the cluster’s nucleus. 
Trumpler classification is defined by R. S. Trumpler (Lick Obs. Bul., XIV, 154, 1930). 

The total magnitude of the cluster usually refers to the integrated blue magnitude. The 
tabulated spectrum refers to the hottest member of the cluster. Under the heading Mag. is 
tabulated the magnitude of the brightest cluster member. 

The logarithm to the base 10 of the cluster age is determined from the turnoff point on 
the main sequence. Log (Fe/H) is mostly determined from photometric narrow band or 
intermediate band studies. 

Extinction in V is tabulated under A, This is determined using the assumption that 
A= 3E(g yy» Where the color excess E(g_y) 18 derived from some of the brightest cluster 
members. 

The table of 157 galactic globular clusters was supplied by R. E. White. It is based on 
a list circulated some years ago by [AU Commission 37. The entire table is sorted, first, 
according to the cluster’s 1950.0 right ascension (first four digits) and second, according 
to its diminishing (north to south) declination. Both coordinates are folded into the [AU 
enumeration. 

In keeping with IAU recommendations, at least two identifications are provided, the 
IAU designation and the most common catalog name. Additional common aliases are 
given under Remarks. The positions are referred to the mean equator and equinox of the 
middle of the Julian year and are based on the 1950.0 coordinates of S. J. Shawl and R. E. 
White (Astron. Jour., 91, 312, 1986) or R. F. Webbink (“Coordinates of Reference Stars 
in the Fields of Globular Clusters”, Univ. of Illinois preprint, 1982). 

The integrated V magnitude and (B—V), (U-—B) and (V—J) color indicies are taken 
exclusively from Table F in the compilation of B. V. Kukarkin (Globular Star Clusters, 
1974). Integrated spectral types are due to J. E. Hesser and S. J. Shaw] (Pub. Astron. Soc. 
Pac., 97, 465, 1985) except for types enclosed in parentheses, which are from the 
Kukarkin compilation. The m/H values are from R. F. Webbink (AU Symposium No. 113, 
Dynamics of Star Clusters, eds. J. Goodman and P. Hut, pages 541-577, Table Ia, 1985). 

Values for Ep_yy (m-M),> distance from the Sun, D, and galactocentric distance, R 
(assuming R, = 8.5 kpc) are due to W. E. Harris (Astron. Jour., 81, 1095, Tables II and II, 
1976) or to R. F. Webbink (denoted by Wb in column 11) from the previous reference. In 
addition to alternate names, the Remarks column also indicates which clusters have X-ray 
sources. 


Radio Source Standards 


The list of 233 radio source positions is that of Argue et al. (Astron. Astrophys. 130, 
191, 1984). This list was compiled by a working group under [AU Commission 24 as a 
first step in defining a catalog of extragalactic objects that have both radio and optical 
counterparts. Positions in the list were compiled from a number of previously published 
catalogs. The origin of right ascension is defined by the right ascension of 1226+023 
(3C273B) at epoch J2000.0, 12"29™ 06°.6997, as computed by Kaplan et al. (Astron. Jour. 
87, 570, 1982), based on the B1950.0 position determined for the source by C. Hazard et 
al. (Nature Phys. Sci., 233, 89, 1971). An indication of the uncertainty of a position is 
given by the number of digits in the tabulated coordinates; the end figures may be subject 
to revision. The column headed S,..,,, gives the flux density in Janskys at 5 GHz. Fluxes of 
many of the sources vary, however, and the tabulated flux is meant to serve only as arough 
guide. 

Data for the list of flux standards are due to J. W. M. Baars et al. (Astron. Astrophys., 
61, 99, 1977), as updated by the authors. Flux densities S, measured in Janskys, are given 


L18 EXPLANATION 


for ten frequencies ranging from 400 to 22235 MHz. Positions are referred to the mean 
equinox and equator of J2000.0. For flux calibration of interferometers, positions of three 
sources are given with increased precision. Positions of 3C 48 and 3C 147 are due to B. 
Elsmore and M. Ryle (Mon. Not. Roy. Astron. Soc., 174, 411, 1976); the position of 3C 
286 is from the list of astrometric radio sources, pages HS7—H61. Positions of the other 
sources are due to Baars et al., as cited above. 


Selected Identified X-Ray Sources 


The X-ray sources were selected by J. F. Dolan from his unpublished survey file. Two 
common designations of X-ray sources are tabulated: the discovery designation, usually 
taken from the first published detection of the source, and the designation in the Fourth 
Uhuru Catalog (4U) of W. Forman et al. (Astrophys. Jour. Supp., 38, 357, 1978). When no 
discovery designation is listed, the source is consistently referred to by the common name 
of the identified counterpart. Although the listed counterparts are usually optical, the 
common designation of the radio or infrared counterpart is given in the absence of an 
optical counterpart. When no identified counterpart is listed, the counterpart has no 
common designation. 

Tabulated positions are based on published positions of identified counterparts. The 
(2-6) kev flux, in units of 10°'' erg cm s~'!(10-'4 watts m”’), is taken from the 4U catalog. 
For sources with variable X-ray intensities, the maximum observed flux from the 4U 
catalog is tabulated. The tabulated magnitude is the optical magnitude of the counterpart 
in the V filter, unless marked by an asterisk, in which case the B magnitude is given. 
Variable magnitude objects are denoted by V; for these objects the tabulated magnitude 
pertains to maximum brightness. Codes specifying the type of the identified counterpart 
are explained at the end of the table (page H69). 


Variable Stars 


The list containing 181 variable stars has been compiled by J. A. Mattei using as 
reference the Third Edition of the General Catalogue of Variable Stars and its three 
Supplements, the Sky Catalog 2000.0, Volume 2, and the data files of the American 
Association of Variable Star Observers. The brightest stars for each class with amplitude 
of 0.5 magnitude or more have been selected. The following magnitude criteria at 
maximum brightness have been used: 

a. eclipsing variables brighter than magnitude 7.0; 
b. pulsating variables: 
RR Lyrae stars brighter than magnitude 9.0; 
Cepheids brighter than 6.0; 
Mira variables brighter than 7.0; 
Semiregular variables brighter than 7.0; 
Irregular variables brighter than 8.0; 
c. eruptive variables: 
U Geminorum, Z Camelopardalis, recurrent novae, and nova-like variables brighter 
than magnitude 11.0; 
d. other types: 
RV Tauri variables brighter than magnitude 9.0; 
R Coronae Borealis variables brighter than 10.0; 
Symbiotic stars (Z Andromedae) brighter than 10.0; 
6 Scuti variables brighter than 9.0. 
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Selected Quasars 


With the collaboration of T. M. Heckman, a set of 99 quasars was selected from the 
catalog of M.-P. Véron-Cetty and P. Véron (A Catalogue of Quasars and Active Nuclei, 
ESO Scientific Report No. 1, 1984). The following selection criteria were used: 


V < 15.45 (24 quasars); 

M(abs) < — 30.2 (27 quasars); 

z (redshift) < 0.150 (19 quasars) or z = 3.200 (18 quasars); 
6 cm flux density 2 3.6 Janskys (23 quasars). 


No objects classified as Seyfert, BL Lac or HII were included. 

Positions are given for the equator and equinox of the middle of the current year. Flux 
densities are given for 6 cm and 7 cm. The authors of the catalog caution that many of the 
V magnitudes are inaccurate and, in any case, variable. However, the (B—V) color indices 
do not vary much and should be more accurate. Absolute magnitudes are computed 
assuming H)=50 kms~'Mpc"', q,=0, and an optical spectral index of 0.7. 


Selected Pulsars 


A selection of 92 pulsars was provided by J. H. Taylor. The selection criterion is that 
S joo the mean flux density at 400 MHz, be greater than 40 milli-J anskys. In addition about 
a dozen pulsars of special interest are included, such as the binary and millisecond pulsars. 
Positions are referred to the equator and equinox of J2000.0. For each pulsar the 
period P in seconds and the time rate of change P in units of 10-'5 ss~! are given for the 


specified epoch. The dispersion measure DM is in pc cm™. 
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GLOSSARY Ml 


aberration: the apparent angular displacement of the observed position of a celestial 
object from its geometric position, caused by the finite velocity of light in combina- 
tion with the motions of the observer and of the observed object. (See aberration, 
planetary.) 

aberration, annual: the component of stellar aberration (see aberration, stellar) 
resulting from the motion of the Earth about the Sun. 

aberration, diurnal: the component of stellar aberration (see aberration, stellar) 
resulting from the observer’s diurnal motion about the center of the Earth. 

aberration, E-terms of: terms of annual aberration (see aberration, annual) depend- 
ing on the eccentricity and longitude of perihelion (see longitude of pericenter) of 
the Earth. 

aberration, elliptic: see aberration, E-terms of. 

aberration, planetary: the apparent angular displacement of the observed position of 
a celestial body produced by motion of the observer (see aberration, stellar) and the 
actual motion of the observed object. 

aberration, secular: the component of stellar aberration (see aberration, stellar) 
resulting from the essentially uniform and rectilinear motion of the entire solar 
system in space. Secular aberration is usually disregarded. 

aberration, stellar: the apparent angular displacement of the observed position of a 
celestial body resulting from the motion of the observer. Stellar aberration is divided 
into diurnal, annual, and secular components. (See aberration, diurnal; aberration, 
annual; aberration, secular.) 

altitude: the angular distance of a celestial body above or below the horizon, 
measured along the great circle passing through the body and the zenith. Altitude is 
90° minus zenith distance. 

anomaly: angular measurement of a body in its orbit from its perihelion. 

aphelion: the point in a planetary orbit that is at the greatest distance from the Sun. 

apogee: the point at which a body in orbit around the Earth reaches its farthest 
distance from the Earth. 

apparent place: the position on a celestial sphere, centered at the Earth, determined 
by removing from the directly observed position of a celestial body the effects that 
depend on the topocentric location of the observer; 1.e., refraction, diurnal aberra- 
tion (see aberration, diurnal) and geocentric (diurnal) parallax. Thus the position 
at which the object would actually be seen from the center of the Earth, displaced by 
planetary aberration (except the diurnal part — see aberration, planetary; aberra- 
tion, diurnal) and referred to the true equator and equinox. 

apparent solar time: the measure of time based on the diurnal motion of the true Sun. 
The rate of diurnal motion undergoes seasonal variation because of the obliquity of 
the ecliptic and because of the eccentricity of the Earth’s orbit. Additional small 
variations result from irregularities in the rotation of the Earth on its axis. 

aspect: the apparent position of any of the planets or the Moon relative to the Sun, as 
seen from Earth. 

astrometric ephemeris: an ephemeris of a solar system body in which the tabulated 
positions are essentially comparable to catalog mean places of stars at a standard 
epoch. An astrometric position is obtained by adding to the geometric position, 
computed from gravitational theory, the correction for light-time. Prior to 1984, the 
E-terms of annual aberration (see aberration, annual; aberration, E-terms of) 
were also added to the geometric position. 
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astronomical! coordinates: the longitude and latitude of a point on the Earth relative 
to the geoid. These coordinates are influenced by local gravity anomalies. (See 
zenith; longitude, terrestrial; latitude, terrestrial.) 

astronomical unit (a.u.): the radius of a circular orbit in which a body of negligible 
mass, and free of perturbations, would revolve around the Sun in 27/k days, where 
k is the Gaussian gravitational constant. This is slightly less than the semimajor 
axis of the Earth’s orbit. ; 

atomic second: see second, Systeme International. 

augmentation: the amount by which the apparent semidiameter of a celestial body, 
as observed from the surface of the Earth, is greater than the semidiameter that would 
be observed from the center of the Earth. 

azimuth: the angular distance measured clockwise along the horizon from a specified 
reference point (usually north) to the intersection with the great circle drawn from the 
zenith through a body on the celestial sphere. 

barycenter: the center of mass of a system of bodies; e.g., the center of mass of the 
solar system or the Earth-Moon system. 

Barycentric Dynamical Time (TDB): the independent argument of ephemerides and 
equations of motion that are referred to the barycenter of the solar system. A family 
of time scales results from the transformation by various theories and metrics of 
relativistic theories of Terrestrial Dynamical Time (TDT). TDB differs from TDT 
only by periodic variations. In the terminology of the general theory of relativity, 
TDB may be considered to be a coordinate time. (See dynamical time.) 

brilliancy: for Mercury and Venus the quantity ks?/r2, where k = 0.5 (1 + cos i), iis 
the phase angle, s is the apparent semidiameter, and r is the heliocentric distance. 

calendar: a system of reckoning time in which days are enumerated according to their 
position in cyclic patterns. 

catalog equinox: the intersection of the hour circle of zero right ascension of a star 
catalog with the celestial equator. (See dynamical equinox; equator.) 

celestial ephemeris pole: the reference pole for nutation and polar motion; the axis 
of figure for the mean surface of a model Earth in which the free motion has zero 
amplitude. This pole has no nearly-diurnal nutation with respect to a space-fixed or 
Earth-fixed coordinate system. 

celestial equator: the plane perpendicular to the celestial ephemeris pole. Colloqui- 
ally, the projection onto the celestial sphere of the Earth’s equator. (See mean 
equator and equinox; true equator and equinox.) 

celestial pole: either of the two points projected onto the celestial sphere by the 
extension of the Earth’s axis of rotation to infinity. 

celestial sphere: an imaginary sphere of arbitrary radius upon which celestial bodies 
may be considered to be located. As circumstances require, the celestial sphere may 
be centered at the observer, at the Earth’s center, or at any other location. 

conjunction: the phenomenon in which two bodies have the same apparent celestial 
longitude (see longitude, celestial) or right ascension as viewed from a third body. 
Conjunctions are usually tabulated as geocentric phenomena. For Mercury and 
Venus, geocentric inferior conjunction occurs when the planet is between the Earth 
and Sun, and superior conjunction occurs when the Sun is between the planet and 
Earth. 

constellation: a grouping of stars, usually with pictorial or mythical associations, that 
serves to identify an area of the celestial sphere. Also one of the precisely defined 
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areas of the celestial sphere, associated with a grouping of stars, that the International 
Astronomical Union has designated as a constellation. 

Coordinated Universal Time (UTC): the time scale available from broadcast time 
signals. UTC differs from TAI (see International Atomic Time) by an integral 
number of seconds; it is maintained within +0.90 second of UT1 (see Universal 
Time) by the introduction of one second steps (leap seconds). (See leap second.) 

culmination: passage of a celestial object across the observer’s meridian; also called 
“meridian passage”. More precisely, culmination is the passage through the point of 
greatest altitude in the diurnal path. Upper culmination (also called “culmination 
above pole” for circumpolar stars and the Moon) or transit is the crossing closer to 
the observer’s zenith. Lower culmination (also called “culmination below pole” for 
circumpolar stars and the Moon) is the crossing farther from the zenith. 

day: an interval of 86 400 SI seconds (see second, Systéme International), unless 
otherwise indicated. 

day numbers: quantities that facilitate hand calculations of the reduction of mean 
place to apparent place. Besselian day numbers depend solely on the Earth’s 
position and motion; second-order day numbers, used in higher precision reductions, 
depend on the positions of both the Earth and the star. 

declination: angular distance on the celestial sphere north or south of the celestial 
equator. It is measured along the hour circle passing through the celestial object. 
Declination is usually given in combination with right ascension or hour angle. 

defect of illumination: the angular amount of the observed lunar or planetary disk that 
is not illuminated to an observer on the Earth. 

deflection of light: the angle by which the apparent path of a photon is altered from a 
straight line by the gravitational field of the Sun. The path is deflected radially away 
from the Sun by up to 1”.75 at the Sun’s limb. Correction for this effect, which is 
independent of wavelength, is included in the reduction from mean place to appar- 
ent place. 

deflection of the vertical: the angle between the astronomical vertical and the 
geodetic vertical. (See zenith; astronomical coordinates; geodetic coordinates.) 

Delta T (AT): the difference between dynamical time and Universal Time; specifically 
the difference between Terrestrial Dynamical Time (TDT) and UT1: AT = TDT - 
LLL. 

direct motion: for orbital motion in the solar system, motion that is counterclockwise 
in the orbit as seen from the north pole of the ecliptic; for an object observed on the 
celestial sphere, motion that is from west to east, resulting from the relative motion 
of the object and the Earth. 

diurnal motion: the apparent daily motion caused by the Earth’s rotation, of celestial 
bodies across the sky from east to west. 

AUT1: the predicted value of the difference between UT1 and UTC, transmitted in 
code on broadcast time signals: AUT1 = UT1 — UTC. (See Universal Time; Coordi- 
nated Universal Time.) 

dynamical equinox: the ascending node of the Earth’s mean orbit on the Earth’s true 
equator; i.e., the intersection of the ecliptic with the celestial equator at which the 
Sun’s declination is changing from south to north. (See catalog equinox; equinox; 
true equator and equinox.) 

dynamical time: the family of time scales introduced in 1984 to replace ephemeris 
time as the independent argument of dynamical theories and ephemerides. (See 
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Barycentric Dynamical Time; Terrestrial Dynamical Time.) 

eccentric anomaly: in undisturbed elliptic motion, the angle measured at the center of 
the ellipse from pericenter to the point on the circumscribing auxiliary circle from 
which a perpendicular to the major axis would intersect the orbiting body. (See mean 
anomaly; true anomaly.) 

eccentricity: a parameter that specifies the shape of a conic section; one of the 
standard elements used to describe an elliptic orbit. (See elements, orbital.) 

eclipse: the obscuration of a celestial body caused by its passage through the shadow 
cast by another body. 

eclipse, annular: a solar eclipse (see eclipse, solar) in which the solar disk is never 
completely covered but is seen as an annulus or ring at maximum eclipse. An annular 
eclipse occurs when the apparent disk of the Moon is smaller than that of the Sun. 

eclipse, lunar: an eclipse in which the Moon passes through the shadow cast by the 
Earth. The eclipse may be total (the Moon passing completely through the Earth’s 
umbra), partial (the Moon passing partially through the Earth’s umbra at maximum 
eclipse), or penumbral (the Moon passing only through the Earth’s penumbra). 

eclipse, solar: an eclipse in which the Earth passes through the shadow cast by the 
Moon. It may be total (observer in the Moon’s umbra), partial (observer in the 
Moon’s penumbra), or annular. (See eclipse, annular.) 

ecliptic: the mean plane of the Earth’s orbit around the Sun. 

elements, Besselian: quantities tabulated for the calculation of accurate predictions of 
an eclipse or occultation for any point on or above the surface of the Earth. 

elements, orbital: parameters that specify the position and motion of a body in orbit. 
(See osculating elements; mean elements.) 

elongation, greatest: the instants when the geocentric angular distances of Mercury 
and Venus from the Sun are at a maximum. 

elongation (planetary): the geocentric angle between a planet and the Sun, measured 
in the plane of the planet, Earth and Sun. Planetary elongations are measured from 0° 
to 180°, east or west of the Sun. 

elongation (satellite): the geocentric angle between a satellite and its primary, 
measured in the plane of the satellite, planet and Earth. Satellite elongations are 
measured from 0° east or west of the planet. 

epact: the age of the Moon; the number of days since new moon, diminished by one 
day, on January | in the Gregorian ecclesiastical lunar cycle. (See Gregorian 
calendar; lunar phases.) 

ephemeris: a tabulation of the positions of a celestial object in an orderly sequence for 
a number of dates. 

ephemeris hour angle: an hour angle referred to the ephemeris meridian. 

ephemeris longitude: longitude (see longitude, terrestrial) measured eastward from 
the ephemeris meridian. 

ephemeris meridian: a fictitious meridian that rotates independently of the Earth at 
the uniform rate implicitly defined by Terrestrial Dynamical Time (TDT). The 
ephemeris meridian is 1.002 738 AT east of the Greenwich meridian, where AT = 
TDT - UT1. 

ephemeris time (ET): the time scale used prior to 1984 as the independeut variable in 
gravitational theories of the solar system. In 1984, ET was replaced by dynamical 
time. 

ephemeris transit: the passage of a celestial body or point across the ephemeris 
meridian. 
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epoch: an arbitrary fixed instant of time or date used as a chronological reference 
datum for calendars (see calendar), celestial reference systems, star catalogs, or 
orbital motions (see orbit). 

equation of center: in elliptic motion the true anomaly minus the mean anomaly. It 
is the difference between the actual angular position in the elliptic orbit and the 
position the body would have if its angular motion were uniform. 

equation of the equinoxes: the right ascension of the mean equinox (see mean 
equator and equinox) referred to the true equator and equinox; apparent sidereal 
time minus mean sidereal time. (See apparent place; mean place.) 

equation of time: the hour angle of the true Sun minus the hour angle of the fictitious 
mean sun; alternatively, apparent solar time minus mean solar time. 

equator: the great circle on the surface of a body formed by the intersection of the 
surface with the plane passing through the center of the body perpendicular to the 
axis of rotation. (See celestial equator.) 

equinox: either of the two points on the celestial sphere at which the ecliptic 
intersects the celestial equator; also the time at which the Sun passes through either 
of these intersection points; ie., when the apparent longitude (see apparent place; 
longitude, celestial) of the Sun is 0° or 180°. (See catalog equinox; dynamical 
equinox for precise usage.) 

era: a system of chronological notation reckoned from a given date. 

fictitious mean sun: an imaginary body introduced to define mean solar time; 
essentially the name of a mathematical formula that defined mean solar time. This 
concept is no longer used in high precision work. 

flattening: a parameter that specifies the degree by which a planet’s figure differs from 
that of a sphere; the ratio f= (a — b)/a, where a is the equatorial radius and 5 is the 
polar radius. 

frequency: the number of cycles or complete alternations per unit time of a carrier 
wave, band, or oscillation. 

frequency standard: a generator whose output is used as a precise frequency 
reference; a primary frequency standard is one whose frequency corresponds to the 
adopted definition of the second (see second, Systeme International), with its 
specified accuracy achieved without calibration of the device. 

Gaussian gravitational constant (k = 0.017 202 098 95): the constant defining the 
astronomical system of units of length (astronomical unit), mass (solar mass) and 
time (day), by means of Kepler’s third law. The dimensions of k? are those of 
Newton’s constant of gravitation: L3M~! T-?. 

gegenschein: faint nebulous light about 20° across near the ecliptic and opposite the 
Sun, best seen in September and October. Also called counterglow. 

geocentric: with reference to, or pertaining to, the center of the Earth. 

geocentric coordinates: the latitude and longitude of a point on the Earth’s surface 
relative to the center of the Earth; also celestial coordinates given with respect to the 
center of the Earth. (See zenith; latitude, terrestrial; longitude, terrestrial.) 

geodetic coordinates: the latitude and longitude of a point on the Earth’s surface 
determined from the geodetic vertical (normal to the specified spheroid). (See 
zenith; latitude, terrestrial; longitude, terrestrial.) 

geoid: an equipotential surface that coincides with mean sea level in the open ocean. 
On land it is the level surface that would be assumed by water in an imaginary 
network of frictionless channels connected to the ocean. 

geometric position: the geocentric position of an object on the celestial sphere 
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referred to the true equator and equinox, but without the displacement due to 
planetary aberration. (See apparent place; mean place; aberration, planetary.) 

Greenwich sidereal date (GSD): the number of sidereal days elapsed at Greenwich 
since the beginning of the Greenwich sidereal day that was in progress at Julian date 
0.0. 

Greenwich sidereal day number: the integral part of the Greenwich sidereal date. 

Gregorian calendar: the calendar introduced by Pope Gregory XIII in 1582 to 
replace the Julian calendar; the calendar now used as the civil calendar in most 
countries. Every year that is exactly divisible by four is a leap year, except for 
centurial years, which must be exactly divisible by 400 to be leap years. Thus 2000 
is a leap year, but 1900 and 2100 are not leap years. 

height: elevation above ground or distance upwards from a given level (especially sea 
level) to a fixed point. (See altitude.) 

heliocentric: with reference to, or pertaining to, the center of the Sun. 

horizon: a plane perpendicular to the line from an observer to the zenith. The great 
circle formed by the intersection of the celestial sphere with a plane perpendicular to 
the line from an observer to the zenith is called the astronomical horizon. 

horizontal parallax: the difference between the topocentric and geocentric posi- 
tions of an object, when the object is on the astronomical horizon. 

hour angle: angular distance on the celestial sphere measured westward along the 
celestial equator from the meridian to the hour circle that passes through a 
celestial object. 

hour circle: a great circle on the celestial sphere that passes through the celestial 
poles and is therefore perpendicular to the celestial equator. 

inclination: the angle between two planes or their poles; usually the angle between an 
orbital plane and a reference plane; one of the standard orbital elements (see 
elements, orbital) that specifies the orientation of an orbit. 

International Atomic Time (TAI): the continuous scale resulting from analyses by 
the Bureau International des Poids et Mesures of atomic time standards in many 
countries. The fundamental unit of TAI is the SI second (see second, Systeme 
International), and the epoch is 1958 January 1. 

invariable plane: the plane through the center of mass of the solar system perpendicu- 
lar to the angular momentum vector of the solar system. 

irradiation: an optical effect of contrast that makes bright objects viewed against a 
dark background appear to be larger than they really are. 

Julian calendar: the calendar introduced by Julius Caesar in 46 B.C. to replace the 
Roman calendar. In the Julian calendar a common year is defined to comprise 365 
days, and every fourth year is a leap year comprising 366 days. The Julian calendar 
was superseded by the Gregorian calendar. 

Julian date (JD): the interval of time in days and fraction of a day since 4713 B.c. 
January 1, Greenwich noon, Julian proleptic calendar. In precise work the timescale, 
e.g., dynamical time or universal time, should be specified. 

Julian date, modified (MJD): the Julian date minus 2400000.5. 

Julian day number: the integral part of the Julian date. 

Julian proleptic calendar: the calendric system employing the rules of the Julian 
calendar, but extended and applied to dates preceding the introduction of the Julian 
calendar. 

Julian year: a period of 365.25 days. This period served as the basis for the Julian 
calendar. 
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Laplacian plane: for planets see invariable plane; for a system of satellites, the fixed 
plane relative to which the vector sum of the disturbing forces has no orthogonal 
component. 

latitude, celestial: angular distance on the celestial sphere measured north or south 
of the ecliptic along the great circle passing through the poles of the ecliptic and the 
celestial object. 

latitude, terrestrial: angular distance on the Earth measured north or south of the 
equator along the meridian of a geographic location. 

leap second: a second (see second, Systéme International) added between 60° and 0° 
at announced times to keep UTC within 0°.90 of UT1. Generally, leap seconds are 
added at the end of June or December. 

librations: variations in the orientation of the Moon’s surface with respect to an 
observer on the Earth. Physical librations are due to variations in the orientation of 
the Moon’s rotational exis in inertial space. The much larger optical librations are 
due to variations in the rate of the Moon’s orbital motion, the obliquity of the 
Moon’s equator to its orbital plane, and the diurnal changes of geometric perspec- 
tive of an observer on the Earth’s surface. 

light, deflection of: the bending of the beam of light due to gravity. It is observable 
when the light from a star or planet passes a massive object such as the Sun. 

light-time: the interval of time required for light to travel from a celestial body to the 
Earth. During this interval the motion of the body in space causes an angular 
displacement of its apparent place from its geometric place (see geometric posi- 
tion). (See aberration, planetary.) 

light-year: the distance that light traverses in a vacuum during one year. 

limb: the apparent edge of the Sun, Moon, or a planet or any other celestial body with 
a detectable disc. 

limb correction: correction that must be made to the distance between the center of 
mass of the Moon and its limb. These corrections are due to the irregular surface of 
the Moon and are a function of the librations in longitude (see longitude, celestial) 
and latitude (see latitude, celestial) and the position angle from the central merid- 
ian. 

local sidereal time: the local hour angle of a catalog equinox. 

longitude, celestial: angular distance on the celestial sphere measured eastward 
along the ecliptic from the dynamical equinox to the great circle passing through the 
poles of the ecliptic and the celestial object. 

longitude, terrestrial: angular distance measured along the Earth’s equator from the 
Greenwich meridian to the meridian of a geographic location. 

luminosity class: distinctions among stars of the same spectral class. (See Spectral 
types or classes.) 

lunar phases: cyclically recurring apparent forms of the Moon. New moon, first 
quarter, full moon and last quarter are defined as the times at which the excess of the 
apparent celestial longitude (see longitude, celestial) of the Moon over that of the 
Sun is 0°, 90°, 180° and 270°, respectively. 

lunation: the period of time between two consecutive new moons. 

magnitude, stellar: a measure on a logarithmic scale of the brightness of a celestial 
object considered as a point source. 

magnitude of a lunar eclipse: the fraction of the lunar diameter obscured by the 
shadow of the Earth at the greatest phase of a lunar eclipse (see eclipse, lunar), 
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measured along the common diaineter. 

magnitude of a solar eclipse: the fraction of the solar diameter obscured by the Moon 
at the greatest phase of a solar eclipse (see eclipse, solar), measured along the 
common diameter. 

mean anomaly: in undisturbed elliptic motion, the product of the mean motion of an 
orbiting body and the interval of time since the body passed pericenter. Thus the 
mean anomaly is the angle from pericenter of a hypothetical body moving with a 
constant angular speed that is equal to the mean motion. (See true anomaly; 
eccentric anomaly.) 

mean distance: the semimajor axis of an elliptic orbit. 

mean elements: elements of an adopted reference orbit (see elements, orbital) that 
approximates the actual, perturbed orbit. Mean elements may serve as the basis for 
calculating perturbations. 

mean equator and equinox: the celestial reference system determined by ignoring 
small variations of short period in the motions of the celestial equator. Thus the 
mean equator and equinox are affected only by precession. Positions in star catalogs 
are normally referred to the mean catalog equator and equinox (see catalog equinox) 
of a standard epoch. 

mean motion: in undisturbed elliptic motion, the constant angular speed required for 
a body to complete one revolution in an orbit of a specifled semimajor axis. 

mean place: the geocentric position, referred to the mean equator and equinox of a 
standard epoch, of an object on the celestial sphere centered at the Sun. A mean 
place is determined by removing from the directly observed position the effects of 
refraction, geocentric and stellar parallax, and stellar aberration (see aberration, 
stellar), and by referring the coordinates to the mean equator and equinox of a 
standard epoch. In compiling star catalogs it has been the practice not to remove the 
secular part of stellar aberration (see aberration, secular). Prior to 1984, it was 
additionally the practice not to remove the elliptic part of annual aberration (see 
aberration, annual, aberration, E-ternis of). 

mean solar time: a measure of time based conceptually on the diurnal motion of the 
fictitious mean sun, under the assumption that the Earth’s rate of rotation is 
constant. 

meridian: a great circle passing through the celestial poles and through the zenith of 
any location on Earth. For planetary observations a meridian is half the great circle 
passing through the planet’s poles and through any location on the planet. 

month: the period of one complete synodic or sidereal revolution of the Moon around 
the Earth; also a calendrical unit that approximates the period of revolution. 

moonrise, moonset: the times at which the apparent upper limb of the Moon is on the 
astronomical horizon; i.e., when the true zenith distance, referred to the center of 
the Earth, of the central point of the disk is 90°34’ + s — m, where s is the Moon’s 
semidiameter, 7 is the horizontal parallax, and 34’ is the adopted value of horizon- 
tal refraction. 

nadir: the point on the celestial sphere diametrically opposite to the zenith. 

node: either of the points on the celestial sphere at which the plane of an orbit 
intersects a reference plane. The position of a node is one of the standard orbital 
elements (see elements, orbital) used to specify the orientation of an orbit. 

nutation: the short-period oscillations in the motion of the pole of rotation of a freely 
rotating body that is undergoing torque from external gravitational forces. Nutation 
of the Earth’s pole is discussed in terms of components in obliquity and longitude 
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(see longitude, celestial.) 

obliquity: in general the angle between the equatorial and orbital planes of a body or, 
equivalently, between the rotational and orbital poles. For the Earth the obliquity of 
the ecliptic is the angle between the planes of the equator and the ecliptic. 

occultation: the obscuration of one celestial body by another of greater apparent 
diameter; especially the passage of the Moon in front of a star or planet, or the 
disappearance of a satellite behind the disk of its primary. If the primary source of 
illumination of a reflecting body is cut off by the occultation, the phenomenon is also 
called an eclipse. The occultation of the Sun by the Moon is a solar eclipse (see 
eclipse, solar.) 

opposition: a configuration of the Sun, Earth and a planet in which the apparent 
geocentric longitude (see longitude, celestial) of the planet differs by 180° from the 
apparent geocentric longitude of the Sun. 

orbit: the path in space followed by a celestial body. 

osculating elements: a set of parameters (see elements, orbital) that specifies the 
instantaneous position and velocity of a celestial body in its perturbed orbit. Oscu- 
lating elements describe the unperturbed (two-body) orbit that the body would 
follow if perturbations were to cease instantaneously. 

parallax: the difference in apparent direction of an object as seen from two different 
locations; conversely, the angle at the object that is subtended by the line joining two 
designated points. Geocentric (diurnal) parallax is the difference in direction be- 
tween a topocentric observation and a hypothetical geocentric observation. Helio- 
centric or annual parallax is the difference between hypothetical geocentric and 
heliocentric observations; it is the angle subtended at the observed object by the 
semimajor axis of the Earth’s orbit. (See also horizontal parallax.) 

parsec: the distance at which one astronomical unit subtends an angle of one second 
of arc; equivalently the distance to an object having an annual parallax of one second 
of arc. 

penumbra: the portion of a shadow in which light from an extended source is partially 
but not completely cut off by an intervening body; the area of partial shadow 
surrounding the umbra. 

pericenter: the point in an orbit that is nearest to the center of force. (See perigee; 
perihelion.) 

perigee: the point at which a body in orbit around the Earth most closely approaches 
the Earth. Perigee is sometimes used with reference to the apparent orbit of the Sun 
around the Earth. 

perihelion: the point at which a body in orbit around the Sun most closely approaches 
the Sun. 

period: the interval of time required to complete one revolution in an orbit or one 
cycle of a periodic phenomenon, such as a cycle of phases. (See phase.) 

perturbations: deviations between the actual orbit of a celestial body and an assumed 
reference orbit; also the forces that cause deviations between the actual and reference 
orbits. Perturbations, according to the first meaning, are usually calculated as quan- 
tities to be added to the coordinates of the reference orbit to obtain the precise 
coordinates. 

phase: the ratio of the illuminated area of the apparent disk of a celestial body to the 
area of the entire apparent disk taken as a circle. For the Moon, phase designations 
(see lunar phases) are defined by specific configurations of the Sun, Earth and 
Moon. For eclipses, phase designations (total, partial, penumbral, etc.) provide 
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general descriptions of the phenomena. (See eclipse, solar; eclipse, annular; eclipse, 
lunar.) 

phase angle: the angle measured at the center of an illuminated body between the light 
source and the observer. 

photometry: a measurement of the intensity of light usually specified for a specific 
frequency range. 

planetocentric coordinates: coordinates for general use, where the z-axis is the mean 
axis of rotation, the x-axis is the intersection of the planetary equator (normal to the 
z-axis through the center of mass) and an arbitrary prime meridian, and the y-axis 
completes a right-hand coordinate system. Longitude (see longitude, celestial) of a 
point is measured positive to the prime meridian as defined by rotational elements. 
Latitude (see latitude, celestial) of a point is the angle between the planetary equator 
and a line to the center of mass. The radius is measured from the center of mass to the 
surface point. 

planetographic coordinates: coordinates for cartographic purposes dependent on an 
equipotential surface as a reference surface. Longitude (see longitude, celestial) of 
a point is measured in the direction opposite to the rotation (positive to the west for 
direct rotation) from the cartographic position of the prime meridian defined by a 
clearly observable surface feature. Latitude (see latitude, celestial) of a point is the 
angle between the planetary equator (normal to the z-axis and through the center of 
mass) and normal to the reference surface at the point. The height of a point is 
specified as the distance above a point with the same longitude and latitude on the 
reference surface. 

polar motion: the irregularly varying motion of the Earth’s pole of rotation with 
respect to the Earth’s crust. (See celestial ephemeris pole.) 

precession: the uniformly progressing motion of the pole of rotation of a freely 
rotating body undergoing torque from external gravitational forces. In the case of the 
Earth, the component of precession caused by the Sun and Moon acting on the 
Earth’s equatorial bulge is called lunisolar precession; the component caused by the 
action of the planets is called planetary precession. The sum of lunisolar and 
planetary precession is called general precession. (See nutation.) 

proper motion: the projection onto the celestial sphere of the space motion of a star 
relative to the solar system; thus the transverse component of the space motion of a 
star with respect to the solar system. Proper motion is usually tabulated in star 
catalogs as changes in right ascension and declination per year or century. 

quadrature: a configuration in which two celestial bodies have apparent longitudes 
(see longitude, celestial) that differ by 90° as viewed from a third body. Quadratures 
are usually tabulated with respect to the Sun as viewed from the center of the Earth. 

radial velocity: the rate of change of the distance to an object. 

refraction, astronomical: the change in direction of travel (bending) of a light ray as 
it passes obliquely through the atmosphere. As a result of refraction the observed 
altitude of a celestial object is greater than its geometric altitude. The amount of 
refraction depends on the altitude of the object and on atmospheric conditions. 

retrograde motion: for orbital motion in the solar system, motion that is clockwise in 
the orbit as seen from the north pole of the ecliptic; for an object observed on the 
celestial sphere, motion that is from east to west, resulting from the relative motion 
of the object and the Earth. (See direct motion.) 

right ascension: angular distance on the celestial sphere measured eastward along 
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the celestial equator from the equinox to the hour circle passing through the 
celestial object. Right ascension is usually given in combination with declination. 

satellite: a natural body revolving around a planet. 

satellite, artificial: a device launched into a closed orbit around the Earth, another 
planet, the Sun, etc. 

second, Systeme International (SI): the duration of 9 192 631 770 cycles of radia- 
tion corresponding to the transition between two hyperfine levels of the ground state 
of cesium 133. 

selenocentric: with reference to, or pertaining to, the center of the Moon. 

semidiameter: the angle at the observer subtended by the equatorial radius of the Sun, 
Moon or a planet. 

semimajor axis: half the length of the major axis of an ellipse; a standard element 
used to describe an elliptical orbit (see elements, orbital.) 

sidereal day: the interval of time between two consecutive transits of the catalog 
equinox. (See sidereal time.) 

sidereal hour angle: angular distance on the celestial sphere measured westward 
along the celestial equator from the catalog equinox to the hour circle passing 
through the celestial object. It is equal to 360° minus right ascension in degrees. 

sidereal time: the measure of time defined by the apparent diurnal motion of the 
catalog equinox; hence a measure of the rotation of the Earth with respect to the stars 
rather than the Sun. 

solstice: either of the two points on the ecliptic at which the apparent longitude (see 
longitude, celestial) of the Sun is 90° or 270°; also the time at which the Sun is at 
either point. 

spectral types or classes: catagorization of stars according to their spectra, primarily 
due to differing temperatures of the stellar atmosphere. From hottest to coolest, the 
spectral types are O, B, A, F, G, K and M. 

standard epoch: a date and time that specifies the reference system to which celestial 
coordinates are referred. Prior to 1984 coordinates of star catalogs were commonly 
referred to the mean equator and equinox of the beginning of a Besselian year (see 
year, Besselian). Beginning with 1984 the Julian year has been used, as denoted by 
the prefix J, e.g., J2000.0. 

stationary point (of a planet): the position at which the rate of change of the apparent 
right ascension (see apparent place) of a planet is momentarily zero. 

sunrise, sunset: the times at which the apparent upper limb of the Sun is on the 
astronomical horizon; i.e., when the true zenith distance, referred to the center of 
the Earth, of the central point of the disk is 90° 50’, based on adopted values of 34’ for 
horizontal refraction and 16’ for the Sun’s semidiameter. 

surface brightness (of a planet): the visual magnitude of an average square arc- 
second area of the illuminated portion of the apparent disk. 

synodic period: for planets, the mean interval of time between successive conjunc- 
tions of a pair of planets, as observed from the Sun; for satellites, the mean interval 
between successive conjunctions of a satellite with the Sun, as observed from the 
satellite’s primary. 

synodic time: pertaining to successive conjunctions; successive returns of a planet to 
the same aspect as determined by Earth. 

Terrestrial Dynamical Time (TDT): the independent argument for apparent geocen- 
tric ephemerides. At 1977 January 1400500™00% TAI, the value of TDT was 
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exactly 1977 January 14.0003725. The unit of TDT is 86 400 SI seconds at mean sea 
level. For practical purposes TDT = TAI + 32°.184. (See Barycentric Dynamical 
Time; dynamical time; International Atomic Time.) 

terminator: the boundary between the illuminated and dark areas of the apparent disk 
of the Moon, a planet or a planetary satellite. 

topocentric: with reference to, or pertaining to, a point on the surface of the Earth. 

transit: the passage of the apparent center of the disk of a celestial object across a 
meridian; also the passage of one celestial body in front of another of greater 
apparent diameter (e.g., the passage of Mercury or Venus across the Sun or Jupiter’s 
satellites across its disk); however, the passage of the Moon in front of the larger 
apparent Sun is called an annular eclipse (see eclipse, annular). The passage of a 
body’s shadow across another body is called a shadow transit; however, the passage 
of the Moon’s shadow across the Earth is called a solar eclipse. (See eclipse, solar.) 

true anomaly: the angle, measured at the focus nearest the pericenter of an elliptical 
orbit, between the pericenter and the radius vector from the focus to the orbiting 
body; one of the standard orbital elements (see elements, orbital). (See also eccen- 
tric anomaly; mean anomaly.) 

true equator and equinox: the celestial coordinate system determined by the instan- 
taneous positions of the celestial equator and ecliptic. The motion of this system is 
due to the progressive effect of precession and the short-term, periodic variations of 
nutation. (See mean equator and equinox.) 

twilight: the interval of time preceding sunrise and following sunset (see sunrise, 
sunset) during which the sky is partially illuminated. Civil twilight comprises the 
interval when.the zenith distance, referred to the center of the Earth, of the central 
point of the Sun’s disk is between 90° 50’ and 96°, nautical twilight comprises the 
interval from 96° to 102°, astronomical twilight comprises the interval from 102° to 
108°. 

umbra: the portion of a shadow cone in which none of the light from an extended light 
source (ignoring refraction) can be observed. 

Universal Time (UT): a measure of time that conforms, within a close approximation, 
to the mean diurnal motion of the Sun and serves as the basis of all civil timekeeping. 
UT is formally defined by a mathematical formula as a function of sidereal time. 
Thus UT is determined from observations of the diurnal motions of the stars. The 
time scale determined directly from such observations is designated UTO; it is 
slightly dependent on the place of observation. When UTO is corrected for the shift in 
longitude (see longitude, terrestrial) of the observing station caused by polar 
motion, the time scale UT1 is obtained. Whenever the designation UT is used in this 
volume, UT] 1s implied. 

vernal equinox: the ascending node of the ecliptic on the celestial equator; also the 
time at which the apparent longitude (see apparent place; longitude, celestial) of 
the Sun is 0°. (See equinox.) 

vertical: the apparent direction of gravity at the point of observation (normal to the 
plane of a free level surface). 

week: an arbitrary period of days, usually seven days; approximately equal to the 
number of days counted between the four phases of the Moon. (See lunar phases.) 

year: a period of time based on the revolution of the Earth around the Sun. The 
calendar year (see Gregorian calendar) is an approximation to the tropical year (see 
year, tropical). The anomalistic year is the mean interval between successive 
passages of the Earth through perihelion. The sidereal year is the mean period of 
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revolution with respect to the background stars. (See Julian year; year, Besselian.) 

year, Besselian: the period of one complete revolution in right ascension of the 
fictitious mean sun, as defined by Newcomb. The beginning of a Besselian year, 
traditionally used as a standard epoch, is denoted by the suffix “.0”. Since 1984 
standard epochs have been defined by the Julian year rather that the Besselian year. 
For distinction, the beginning of the Besselian year is now identified by the prefix B 
(6.287 BI9500): 

year, tropical: the period of one complete revolution of the mean longitude of the Sun 
with respect to the dynamical equinox. The tropical year is longer than the Besselian 
year (see year, Besselian) by 0°.1487, where T is centuries from B1900.0. 

zenith: in general, the point directly overhead on the celestial sphere. The astronomi- 
cal zenith is the extension to infinity of a plumb line. The geocentric zenith is defined 
by the line from the center of the Earth through the observer. The geodetic zenith is 
the normal to the geodetic ellipsoid at the observer’s location. (See deflection of the 
vertical.) 

zenith distance: angular distance on the celestial sphere measured along the great 
circle from the zenith to the celestial object. Zenith distance is 90° minus altitude. 

zodiacal light: a nebulous light seen in the east before twilight and in the west after 
twilight. It is triangular in shape along the ecliptic with the base on the horizon and 
its apex at varying altitudes. It is best seen in middle latitudes (see latitude, 
terrestrial) on spring evenings and autumn mornings. 
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